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INTRODUCTION. 


Hy  Joseph  A.  Holmes.  .'.'.'"• 

The  records  here  reported  are  based  on  25,000  tests,  extenAliijig  o^er 
more  than  one  year  of  active  field  and  laboratory  work.  The  report 
may  be  divided  into  two  parts — the  first  dealing  with  tensile,  corrir 
pressive,  and  other  tests,  including  chemical  analyses  of  Portland 
cement  of  different  brands  donated  for  the  purpose,  and  of  the  mor- 
tars mixed  therewith  in  which  a  standard  sand  was  used;  the  second 
dealing  with  tests  of  mortars  prepared  by  mixing  typical  Portland 
cement  with  22  sands,  12  gravel  screenings,  and  25  stone  screenings, 
procured  from  different  parts  of  the  United  States  and  mixed  in 
different  proi)ortions. 

In  order  that  tests  extending  over  a  period  of  years  might  be  made 
^ith  a  relatively  uniform  cement,  a  quantity  of  Portland  cement  of 
seven  different  brands  was  obtained  by  donation.  An  equal  amount 
of  each  of  these  brands  was  mixed  together  to  form  a  typical  Port- 
land cement,  and  the  mixture  was  stored  away  in  air-tight  cans 
ip.  10).  Tests  made  to  determine  the  quality  and  variation  of  the 
typical  Portland  cement  were  conducted  in  gi*eat  detail  both  on  the 
neat  individual  brands  and  the  typical  mix,  and  on  1:3  cement  mor- 
tars made  therefrom  with  standard  sand. 

The  results  of  the  tests  showing  variation  in  tensile  strength  with 
a?e  of  neat  cement  indicate  clearly  that  the  typical  mix  reached 
maxinunn  tensile  strength  in  00  days,  or  at  the  same  period  at  which 
thi>  strength  was  reached  by  the  separate  brands;  that  it  maintained 
the  highest  tensile  strength  for  a  period  as  long  as  that  of  the  best 
^f  the  individual  brands,  viz,  to  180  days,  and  that  the  diminution 
in  tensile  strength  thereafter  to  one  year  and  beyond  was  less  than 
for  some  brands  and  no  greater  than  for  the  best  (p.  23). 

The  tests  of  the  standard-sand  moi-tars  showed  maximum  tensile 
••^renj^^ii  of  the  mix  at  90  days,  or  about  the  same  as  for  the  individual 
brands:  more  rapid  falling  off  in  tensile  strength  for  the  mix  up  to 
1^)  (lays  than  for  the  individual  brands:  but  an  actual  gain  in 
J^ri'nfrth  lx»yond  180  days  for  the  mix,  as  compared  with  a  falling 
"ff  for  the  separate  brands  (p.  24). 
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In  the  compressive  tests  the  typical  mix  showed  a  rapid  rise  in  i 
strength,  as  did  the  individual  brands,  up  to  90  days,  and  a  less  rapid  \ 
but  continual  increase  in  compressive  strength  to  the  360-day  period  * 
for  the  mix  as  compared  with  some  of  the  brands,  four  of  which  ' 
showed  little  or  no  gain- m  compressive  strength  after  180  days  i 
(p.  26).  ^/ ':. 

.  Compressive  tests,  of.  the  1:3  standard -sand  mortars  showed  a  more  | 
rapid  gain  up  to.lSG/days  for  the  typical  mix  than  for  the  separate  | 
cement  brandy  and  continued  increase  in  compressive  strength  beyond  ; 
180  days  for  the.  mix,  as  against  a  less  ratio  of  increase  for  several  of  ; 
the  indiyfdukl*  brands  tested.  , 

The  geiieVal  indications  of  these  tests  are  that  a  cement  exhibiting  i 
great'Jf  uniformity  of  behavior  is  likely  to  be  procured  by  making  i 
ar.typitjal  mix  of  several  brands  than  by  the  use  of  any  one  standard  i 
blraiid  of  cement. 

It  should  be  borne  in  mind,  however,  that  this  statement  is  ap-  \ 
plicable  only  to  the  typical  mixes  used  in  these  tests,  and  that  it  is  \ 
l)ossible  that  other  mixtures  of  Portland  cements  might  not  yield  j 
the  same  results,  but  would  show  entirely  different  characteristics.  \ 
Results  of  further  investigations  along  these  lines  will  be  reported  as 
soon  as  they  become  available. 

A  study  of  the  percentage  of  gain  in  strength  exhibited  by  the 
various  cements  and  cement  mortars  tested  shows  the  very  important 
fact  that  though  the  cements  iftay  test  low  or  high  at  7  days,  and 
though  there  may  be  varying  percentages  of  increase  during  the  four 
periods  from  7  days  to  one  year,  yet  after  the  180-day  and  the  360- 
day  tests  the  strengths  of  all  the  standard-sand  mortars  were  reason- 
ably close  one  to  another.  This  indicates  that  early  strengths  may 
vary  considerably  without  seriously  affecting  the  later. strength  of  tto 
cement  or  mortar  (p.  38). 

The  purpose  of  the  investigations  of  the  constituent  materials  of 
mortar  was  to  ascertain  as  far  as  possible  the  properties  of  sud 
materials  collected  in  different  parts  of  .the  United  States.  It  ia 
believed  that  the  results  of  these  tests  made  on  material  obtained  near 
the  large  commercial  centers  of  the  country  will  indicate  clearly  to  ■ 
users  of  cement  and  of  concrete  where  they  may  most  conveniently 
and  cheaply  procure  the  requisite  sand,  gravel,  etc.,  and  how  the* 
should  be  mixed  to  attain  the  best  result  in  tensile  or  compressin^ 
strength  for  each  group  of  constituent  materials. 

A  study  of  the  data  in  this  part  of  the  report  should  afford  meant: 
of  determining  the  probable  strength  of  mortar  made  from  materiak 
having  similar  properties,  though  gathered  in  different  parts  of  thi"; 
country,  and  should  aid  the  constructor  to  decide  which  of  the  threo 
materials — sand,  gravel,  or  broken  stone  screenings — will  best  servt, 
his  purpose. 
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The  tests  whose  results  are  here  presented  were  made  on  mortars 
using  diflFerent  proportions  of  the  typical  Portland  cement  and 
sands,  gravel  screenings,  and  stone  screenings  collected  in  various 
parts  of  the  country,  the  properties  of  which  are  discussed  in  the 
earlier  part  of  the  bulletin.  The  report  describes  the  material,  the 
locality  of  its  occurrence,  and  the  methods  of  screening,  grading,  etc., 
employed.  The  relative  proportion  of  larger  or  smaller  particles 
in  tlie  materials  tested  is  not  only  described  in  detail  and  diagram- 
uiatically,  but  is  well  illustrated  by  reproductions  of  photographs 
made  to  exact  scale. 

Considering  these  tests  in  respect  to  the  percentage  of  voids,  it 
ap|)ears  that  the  tensile  strength  decreases  with  the  increase  of  void 
spaces.  The  strength  of  the  mortars  is  invariably  much  greater  when 
•  made  from  sands  having  a  small  percentage  of  voids  than  when 
made  from  sands  having  a  large  percentage.  The  strength  of  mor- 
tars of  diflFerent  proportions  is  also  greater  for  those  3ands  which 
have  a  small  percentage  of  voids.  This  condition  is  the  same  in 
regard  to  both  tensile  strength  and  compressive  strength,  and  indi- 
cates that  the  greatest  strength  can  be  obtained  by  the  use  of  mortar 
in  which  the  sand  is  uniformly  graded.  The  same  is  true  of  tests 
of  transverse  strength,  except  that  the  diflTerence  is  not  so  marked 
as  in  the  tensile  and  compressive  tests  (p.  57). 

The  tests  show  a  greater  uniformity  in  general  when  made  at  the 
end  of  180  days  than  when  made  for  shorter  periods.  The  early 
strength  appears  to  be  easily  aflTected  by  alteration  in  environment, 
and  the  regularity  in  strength  for  the  earlier  periods  appears  to 
dei)end  on  the  nature  of  the  cement. 

In  tests  of  density  of  mortar,  it  appears  that  the  density  values 
are  greatest  for  the  least  percentage  of  voids,  and  that  the  weight 
\}er  cubic  foot  and  the  strength  are  greatest  under  the  same  condi- 
tions  (p.  58). 

In  the  tests  of  mortars  made  with  gravel  screenings  only   ihiit 
material  which  passed  a  i-inch  screen  was  used,  and  this  amounted 
as  a  rule  to  less  than  40  per  cent  of  the  sample  received  at  the  labo- 
ratory.    As  in  the  description  of  tests  of  mortars  made  with  saud^ 
complete  details  are  given  of  the  diameter  of  the  particles  in  inches, 
with  numbers  of  sieves  passed;  of  the  place  in  which  samples  were 
taken;  and  of  physical  and  chemical  tests.     In  these  tests  there  is 
apparently  a  greater  lack  of  uniformity  in  the  increase  of  stren^h, 
probably  owing  to  physical  diflFerences  in  the  gravel  screenings.     In 
general  the  tensile  strength  seems  to  increase  with  the  decrease  in 
percentage  of  voids  (p.  88).    This  is  also  true  of  the  compressive 
strength.    There  was  great  irregularity  in  the  revsults  of  the  testa 
on  account  of  the  difliculty  in  obtaining  a  thoroughly  uniform  mass, 
especially  when  the  material  was  composed  of  coarse  grains  of  ap- 
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proximately  one  size.  In  this  case  it  invariably  happened  that  th 
cement  and  gravel  screenings  occurred  in  many  of  the  test  pieces  i 
streaks,  the  cement  accumulating  on  one  side  of  the  neck  of  the  tes 
briquet,  thus  reducing  the  active  section  and  possibly  furnishing  ob 
element  of  weakness  (p.  88). 

The  tests  of  stone  screenings  collected  in  different  parts  of  the  coin 
try  were  made  in  the  same  manner  as  those  described  for  sand  an 
gravel  screenings.  Samples  were  also  collected  as  described  for  th 
other  tests.  The  results  of  these  tests  showed  that  in  general  the  moi 
tars  made  from  screenings  that  are  most  nearly  uniform  in  gradin 
have  greater  strength  than  those  made  from  the  finer  screening 
farthest  removed  from  uniform  grading.  Also  the  strength  of  moi 
tars  made  from  the  samples  having  a  lower  proportion  of  voids  i 
greater  than  that  of  mortars  made  from  screenings  in  which  the  voic 
are  greater.  This  appears  to  be  true  also  of  the  compressive  tests,  i 
which  the  strength  of  the  mortar  is  greater  for  samples  most  unifon 
in  grade.  As  shown  by  these  tests  the  transverse  strength  does  nc 
vary  much  after  ninety  days  (p.  108) .  The  tests  indicate  that  no  def 
nite  law  can  be  given  by  means  of  which  the  strength  of  mortars  mad 
from  stone  screenings  can  be  approximately  foretold  from  the  mi 
chanical  conditions,  because  the  strength  of  the  stone  itself  froi 
which  the  screenings  are  derived  has  an  important  bearing  on  tY 
strength  of  the  resulting  mortar.  The  same  tendency  was  observ^ed  i 
the  stone-screenings  mortars  as  in  the  gravel-screenings  mortars  fc 
the  cement  to  concentrate  at  one  or  more  parts  of  the  test-briquet  se- 
tions. 

This  report  is  the  third  of  a  series  now  in  process  of  publication  t 
the  technologic  branch  of  the  Geological  Survey.  It  is  preliminar}'  ^ 
a  group  of  reports  which  describe  in  detail  the  results  of  tests  of  var 
ous  structural  forms  made  of  concrete  and  reenforced  concrete  at  tl 
structural-materials  testing  laboratories  of  the  Survey  at  St.  Loui 
The  first  volume  of  this  series  is  Bulletin  No.  324,  a  report  on  the  ei 
fects  of  the  San  Francisco  earthquake  and  fire  on  structures  an< 
structural  materials.  Bulletin  No.  329,  the  second  of  this  series,  de 
scribes  in  detail  the  organization,  equipment,  and  methods  of  tes 
adopted  at  these  laboratories.  The  present  bulletin,  as  summarize 
above,  describes  the  investigations  leading  to  the  adoption  of  a  typ 
ical  Portland  cement  for  testing  purposes  and  the  tests  of  mortar 
made  by  mixing  sand  and  its  substitutes — ^gravel  and  broken  ston 
screenings — with  such  typical  cement,  as  an  experimental  study  in  th 
progress  of  the  survey  of  the  constituent  materials  of  cement  mortal 
ana  concrete  in  the  United  States. 

A  succeeding  bulletin  will  describe  tests  of  the  solid  stone  from  tl 
same  quarries  as  those  from  which  were  obtained  the  stone  screening 
on  which  the  tests  described  in  this  volume  were  made.     These  n 
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mlts  may  afford  some  basis  for  comparison  of  the  relative  values  of 
fiioitars  made  ^  from  the  stone  •  screenings  described  herein.  Other 
reiK>rts  will  deal  with  the  results  of  tests  of  the  constituent  materials 
i>f  concrete  as  distinguished  from  those  of  mortars,  and  with  the  re- 
**ults  of  additional  tests  of  the  constituent  materials  of  mortars. 
These  papers  will  be  followed  by  a  preliminary  report  of  the  results 
of  tests  of  plain  concrete  beams  and  of  cement-mortar  building  blocks. 
The  same  constituent  materials  have  also  been  assembled  in  the  form 
of  reenforced  concrete  beains,  reenforced  concrete  slabs,  and  plain  and 
reenforced  concrete  columns,  many  tests  on  which  have  already  been 
completed,  and  the  results  are  now  in  preparation  for  publication. 
Other  reports  in  this  series  will  include  results  of  investigations  of 
shear  and  the  modulus  of  elasticity  in  tension  and  compression. 

Parallel  with  this  series  of  reports  of  the  results  of  tests  being 
made  at  the  St  Louis  laboratories  there  is  to  be  published  a  report 
on  the  results  of  a  series  of  tests  made  in  the  testing  laboratories 
of  various  technological  institutions.  These  tests  were  made  in 
cooperation  with  the  structural-materials  laboratories  of  the  United 
States  Geological  Survey  and  the  joint  committee  on  concrete  and 
reenforced  concrete  of  the  engineering  societies. 

In  the  supervision  of  the  tests  herein  described  and  in  the  prepara- 
tion of  the  report  Mr.  Richard  L.  Humphrey,  engineer  in  charge, 
has  had  the  constant  active  assistance  of  Mr.  William  Jordan,  jr.. 
assistant  engineer. 


PORTLAND  CEMENT  MORTARS  AND  THEIR  CONSTITUENT 
MATERULS:  RESULTS  OF  TESTS,  1905-1907. 


By  Richard  L.  Humphrey  and  Whxiam  Jordan,  Jr. 


GENERAL  STATEMENT. 
NATURE  AND  EXTENT  OF  THE  INVESTIGATIONS. 

Scope  of  the  work. — A  report  on  the  results  of  the  series  of  approx- 
imsitely  35,000  tests  made  at  the  structural-materials  testing  labora- 
tories. Forest  Park,  St.  Louis,  Mo.,  of  a  numbei:  of  sands,  gravel  and 
stone  screenings,  gravels,  and  crushed  stone  customarily  used  in  ce- 
ment mortars  and  concretes  will  be  contained  in  two  bulletins,  the 
present  volume  dealing  with  investigations  of  these  materials  as  con- 
stituents of  mortar,  and  a  later  one  as  constituents  of  concrete. 

Tliese  materials  were  collected  in  many  different  parts  of  the 
United  States  and  were  shipped  to  the  laboratories  in  double  sacks 
in  order  to  avoid  losing  any  fine  material.  At  the  time  the  sam- 
ples were  collected  a  report  was  made  on  the  nature  of  the  supply, 
the  location,  the  approximate  extent  of  the  deposit,  the  manner  of 
handling,  and  the  market  supplied. 

The  equipment  and  methods  used  in  making  these  tests  are  fully 
described  in  Bulletin  No.  329.  The  present  bulletin  contains  the  re- 
sults of  approximately  25,000  tests  of  22  sands,  12  gravel  screenings, 
and  25  stone  screenings  in  the  form  of  mortar,  using  different  pro- 
portions of  typical  Portland  cement  (a  mixture  of  seven  different 
brands). 

The  purpose  of  the  investigations  of  the  constituent  materials  of 
mortar  is  to  ascertain  as  far  as  possible  the  properties  of  the  materi- 
als collected  in  different  parts  of  the  country,  and  to  establish  the 
relation  existing  between  the  unaltered  materials  and  the  mortars  in 
which  they,  are  used. 

It  is  hoped  that  these  tabulated  data  will  afford  a  means  for  deter- 
mining the  probable  strength  of  mortar  made  from  materials  having 
similar  properties,  and  thus  eliminate  the  delay  in  practical  work 
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incident  to  testing  the  materials  which  are  to  be  used.     It  will 
afford  a  means  of  comparison  of  materials  used  in  different  part 
the  country. 

Register  numbers. — ^Each  sample  of  material  received  at  the  1 
ratories  was  given  a  register  number,  a  record  of  which  was  made 
filed  in  a  card  index.  This  register  number,  by  which  the  san 
was  known,  was  so  chosen  that  it  indicated  the  nature  of  the  mate 
For  example,  the  material  was  represented  by  the  first  and  last 
ters  of  its  name,  thus :  "  Ct."  stands  for  cement, "  Sd."  for  sand, " ' 
for  gravel,  '"  Cr.*'  for  cinder,  ''  Sg."  for  slag,  "  Se."  for  stone, 
first  sample  of  cement  was  called  "  Ct.  1,"  the  next  "  Ct.  2," 
"When  a  number  of  brands  of  cement  were  mixed,  the  mixture 
given  a  number,  and  each  sample  taken  from  that  mixture  was  g 
a  subnumber;  thus  the  second  mix  of  cement  was  called  "Ct  1 
and  the  first  sample  from  that  mix  was  called  "  Ct.  133-1,"'  the 
ond  "  Ct.  133-2,"  etc. 

Outline  of  tests. — The  Portland  cement  used  in  these  investigat 
was  tested  for  its  physical  properties,  including  its  tensile  and  ( 
pressive  strength  neat  for  1,  7,  28,  90,  180,  and  360  days;  and  ^ 
three  parts  of  standard  Ottawa  sand  for  7,  28,  90, 180,  and  3G0  daj 

Portions  of  the  sands,  gravel  screenings,  and  stone  screenings,  a 
which  passed  a  i-inch  screen,  were  lifted  through  Nos.  10,  20,  30 
50,  80,  100,  and  200  sieves;  they  were  mixed  with  typical  Port! 
cement  in  proportions  of  1 : 3  and  1 : 4,  and  tested  for  tensile,  ( 
pressive,  and  transverse  strength  at  7,  28,  90,  180,  and  360  daj 

In  addition,  when  there  was  sufficient  material  of  approxims 
one  size,  say  between  Nos.  20  and  30  sieves  or  between  Nos.  30  an 
sieves,  tests  of  strength  for  the  same  periods  were  made  on  wh 
designated  in  this  bulletin  "1:3  one-size  "  mortar. 

TESTS  OF  STRENGTH. 

Storage. — The  test  pieces  were  stored  in  a  moist  closet  for  24  h 
prior  to  removal  from  the  molds,  and  were  then  immersed  in  run 
water,  maintained  at  approximately  70°  F.,  until  tested. 

Tension. — The  briquets  for  the  tests  of  tensile  strength  ar 
standard  form,  approximately  1  square  inch  in  section. 

The  Fairbanks  cement-testing  machine,  which  is  used  in  te$ 
these  briquets,  has  clips  with  rear  horizontal  straps  for  adjusting 
is  provided  with  roller  bearings.  Less  than  1  per  cent  of  all  bri< 
tested  at  the  laboratories  have  broken  in  the  clips — the  great  maj< 
of  the  test  pieces  breaking  fairly  in  the  center. 

Covipresfiion, — The  test  pieces  for  tests  of  compressive  strengtl 
2-inch  cubes  and  are  tested  generally  in  a  40,000-pound  hydr; 


TESTS   OP   CEMENT.  9 

hand-operated  machine;  the  other  cubes,  especially  of  neat  cement, 
were  tested  in  a  200,000-pound  motor-driven  screw  machine. 

The  values  given  in  the  tables  of  the  tests  of  compression  are  m 
pounds  per  square  inch,  and  were  found  by  dividing  the  total  load  on 
a  test  piece  by  its  area,  taken  at  4  square  inches. 

Trans tJerse. — ^Transverse  test  pieces  ate  1  inch  square  in  cross  sec- 
tion and  13  inches  long,  and  were  tested  on  a  span  of  12  inches.  The 
surfaces  in  contact  with  the  vertical  sides  of  the  mold  were  placed 
in  a  horizontal  position  in  the  testing  machine,  in  order  to  insure  a 
uniform  depth  of  1  inch. 

Only  the  breaking  load  applied  at  the  center  of  the  span  was  re- 
corded.   The  values  given  in  the  tables  are  the  moduli  of  rupture  in 

pounds  per  square  inch,  determined  from  the  formula  8=-j-' 

In  the  present  case  M  =  3  W  (inch-pounds),  c=i  inch  and  I=iV; 
therefore 

That  is,  the  value  given  in  the  table  is  in  every  case  just  18  times  the 
breaking  load. 

Results  of  tests. — The  results  of  tests  are  given  in  tables  and  shown 
graphically  wherever  possible. 

TESTS  OP  CEMENT. 
INDIVroUAL   BRANDS   AND   TYPICAL   PORTLAND  CEMENT. 

Acknowledgment  of  donations. — The  cement  used  in  these  investi- 
gations was  generously  donated  by  the  following  companies : 

Alpha  Portland  Cement  Company,  Alpha,  N.  J. 
Atlas  Portland  Cement  Company,  Hannibal,  Mo. 
Bonneville  Portland  Cement  Company,   Siegfried,  Pa. 
lola  Portland  Cement  Company,  lola,  Kans. 
Lehigh  Portland  Cement  Company,  Mitchell,  Ind. 
Sandusky  Portland  Cement  Company,  Sandusky,  Ohio. 
Vulcanite  Portland  Cement  Company,  Vulcanite,  N.  J. 

Method  of  tests. — ^The  seven  brands  of  cement  were  first  tested 
separately,  and  afterwards  thoroughly  intermixed  and  the  mixtures 
carefully  tested.  This  procedure  was  followed  in  order  to  determine 
the  relation  between  the  properties  of  the  individual  brands  and  the 
properties  of  the  mixtures  made  from  them.  It  was  found  that  the 
difference  was  so  slight  that  in  subsequent  investigations  the  different 
brands  of  cement  were  thoroughly  mixed  as  soon  as  received,  and  the 
mixture  is  called  "  typical  Portland  cement." 
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rtw  '-i^i^  f.'^ni  -»flu'!i  if  '.!**  inuulpr  "•inur^ts.  riiiir  romcuf.  Trz-irti  was 
^,  •->n   -".I**  ^mou^  .•»:r:^!r•»^  aiimn^r.  vuir  luair^i  ^l  a    r^tisgs.  j^^-  and 

iA/'.  .'.  .  •  '  I  y*  a  P'  •'  £  »4(  '*-  //♦-  #r. — T^t^  ai*3r  '?c.i*c  ^'ij^  v-  cake  1 
'/».*r>'.     ^i*---^  *,;i»  r     •#.ii:ijl-  *Trru"'^:     ±r.iii  -^ai-j.     f  lie  -^^-^ci  brands 

vx<  '..,::.-/<',  x.  t  vxjT'H'i^  i.«.c  i:ii:  -rcc-a*:  ^  t  Lnj^tr  :f  -^v^ii  thick- 
;>?o?  ^  *r  *.r^-.r  *  *»^\:tT^.  5**^:  ijiii  vjbr  L^jisii  jlc:-  r;^  -«;  iahps.  fnnn 

7V>  T'.  ;/'/.r,^:  fiic:.yvf:  fr^s:  -"sii'c  :ii_xr;ir»t  -vi^*  jrl»*Mi  i  r»;r-^^r  number 
*ry;  »»4^  .-^:  ',u  T^-  tA?fr*  •..  r»c«^**r«Lt  tiis-  x-Lnnps-  fpi-ciL  ^bioh  it  wis 
'**^^,      7  .,    oj/^*r.^r.  Ti-  T^Zjii-itZi^i  '.f^TL  riiD^sw  ^riij.-*  tbier^  were  10 

Af^/'f  ^'>'  Ih  y,,:A  -Air.pi»>  TiAti  'rj»-»:i:  lAJt**!:.  fr»t-  -^L-h  mixture  the 
r/¥l:i»fy#'  »;*<  *AOT*r(\  \u  :if:TXtvH.'ir%\\j  -jeal***!  salvacizieii-irofi  ^.^ns^  each 
hi  ;*f^/'ir  >///  iMfffiiA-i  ^'a|>a/rity.  In  ^snfcHet^aent  ter?t:^  made  with  this 
mix^A  ftftt^^tJ  fi»*r  T^hfffftiufl  rrample  in  each  t:at=e  is  referred  to  as  the 
**  ffnx/'  y*\itU'  th#f  ffjixrnnr  iiv-lf  U  ^^IletJ  ~typi»?al  Portland  cement.'^ 

/  7// ////////  /yA«///y*/>f,  Tli#?  '2-pfpnnfi  sample  taken  from  each  barrel 
$$f9fi  troth  i"A/'\i  iu\x  of  7  l/arreU  wa«j  very  carefully  analyzed  for 
nWu'.H^  H\uu\tun.  f^rr'u:  oxide.  lime,  magnesia,  and  sulphuric  anhy- 
flritU'.  tft  \\n"^'  Hnalvnfr.H  the  methrnls  recommended  by  the  committee 
itu  tifufonnUy  in  thi*  ttfrUu'u'Hl  analj^sis  of  materials  for  the  Portland 
f'4*tni'hi  ui*Ui'\iry  of  lh«*  Ni?w  York  swtion  of  the  Society  for  Chemical 
tufUn'Aiy  H<Ti^  iiH4*d,  with  the  following  exceptions:  The  silica  was 
not  \niniU'i\  with  IIKI  and  HjSO^:  the  precipitated  iron  and  alumi- 
niHfi  liyilnif^''.  wi*tv,  din^olved  in  dilute  HXO^  instead  of  dilute  HCl; 
Ihi'  iifinii'il  CnO  w«m  dJHHolved  in  dilute  HCl  l)efore  precipitation; 
Ihi'  iiiii^iMMiMiii  WHH  pn*<^i|iitated  from  a  HNO^  solution  the  second 
liiiM';  liM'.lly,  iUi*  SiOy  whh  not  detennined  in  the  ignited  (FeAl),©,. 

Till'  ri'MiiIlM  of  th(i  chf^tnical  Hnalyses  are  given  in  Table  I.  The 
Mi'M'ii  ilid'i'fi'fil  lirfMHis  iirr  dosignated  A,  B,  C,  D,  E,  F,  and  G,  and 
Ml  iIm'  rliMJi'  ilir  10  iiiixi's  lire  indit'uted. 
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The  register  number  given  each  sample  is  the  same  as  that  used  in 
later  tables  giving  the  results  of  the  physical  tests,  so  that  the  chemi- 
cal analysis  of  any  particular  sample  can  be  compared  with  the 
physical  properties  of  the  cement  from  which  the  sample  for  chemical 
analysis  was  taken.  But  9  samples  of  each  of  brands  F  and  G  were 
used,  making  a  total  of  68  samples  of  the  individual  brands  and  10 
samples  of  typical  Portland  cement  analyzed  and  recorded  in  the 
table. 

The  average  values  for  each  brand  are  given  at  the  bottom  of  its 
group,  and  the  average  value  for  the  seven  brands  is  given  near  the 
end  of  the  table.  For  purposes  of  comparison,  the  average  values  for 
the  10  samples  of  typical  Portland  cement  are  also  given  in  the  last 
line.  The  small  difference  between  the  averages  of  the  68  samples, 
designated  "Average  A-G,''  and  the  averages  of  the  10  samples  of 
typical  Portland  cement  indicates  that  the  typical  Portland  cements 
are  representative  of  the  individual  brands. 

PHYSICAL  DETERMINATIONS. 

MetJiod. — A  portion  of  the  68-pound  sample  taken  from  each  of  • 
68  barrels  and  from  each  of  the  10  mixtures  was  subjected  to  the 
usual  physical  tests,  consisting  of  determinations  of  specific  gravity, 
temi)eratures  of  water  and  air,  per  cent  of  water  for  normal  con- 
sistency, time  of  initial  and  final  setting,  fineness,  constancy  of  volume 
(soundne^ss),  and  the  tensile  and  compressive  strengths.  The  phys- 
ical determinations  were  made  at  about  the  time  of  mixing  the 
cements  and  before  they  were  stored,  and  are  given  in  Table  II. 
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Specific  gratyity. — The  specific  gravity  was  deteriniued  after  heat- 
ing a  small  quantity  of  cement  to  212°  F.  for  5  hours.  In  subse- 
quent, work  the  samples  will  also  be  ignited.  Values  of  specific 
gravity  in  the  table  vary  from  3.100  to  3.195.  The  variation  for  any 
individual  brand  is  much  smaller  than  the  total  variation.  The  aver- 
age of  all  seven  brands  is  3.120,  while  the  average  of  the  10  mixes 
is  3.122. 

Time  of  setting. — In  the  investigations  of  the  time  of  setting,  the 
temperature  of  the  water  and  of  the  air  at  the  time  of  molding,  the 
percentage  of  water  which  was  necessary  to  bring  the  cement  to 
normal  consistency,  and  the  time  of  both  the  initial  and  final  setting, 
as  determined  by  both  the  Vicat  and  Gilmore  apparatus,  were  deter- 
mined and  recorded. 

The  time  elapsing  before  both  initial  and  final  set  as  determined 
by  the  Gilmore  needle  is  in  almost  every  case  greater  than  that  de- 
termined by  the  Vicat  needle. 

Fineness, — Of  the  68  samples  of  the  seven  individual  brands  only 
a  few  reached  as  high  as  25  per  cent  i-esidue  on  the  No.  200  sieve. 
Five  brands,  namely.  A,  C,  D,  E,  and  G,  were  found  to  be  of  ap- 
proximately equal  fineness. 

Constancy  of  rolvnu\ — In  order  to  detennine  the  constancy  of  vol- 
ume by  the  appearance  of  the  pat,  two  normal  and  two  accelerated 
tests  were  made  of  each  sample.  The  normal  tests  consisted  of  the 
maintenance  of  pats  in  air  and  in  water  for  28  days  at  a  temperature 
as  nearly  70°  F.  as  practicable.  The  accelerated  tests  consisted  in 
keeping  one  pat  exposed  in  an  atmosphere  of  steam  and  another  im- 
mersed in  boiling  water  for  5  hours. 

In  all  the  accelerated  tests  and  nearly  all  the  normal  tests  the 
pats  remained  unaltered,  the  exceptions  being  not^d  in  each  case 
under  ''  Soundness  "  (colmnn  13,  p.  13)  in  the  table.  Where  the  pats 
have  passed  all  the  forms  of  tests  it  is  indicated  by  the  phrase  "  Per- 
fectly sound.''  Where  the  pats  failed  to  pass  the  tests  without  change 
it  is  indicated  by  ""  Pat  —  warped  —  inch,"  the  letter  "A"  being  used 
for  the  28-day  normal  air  tests  and  "  B  "  for  the  28-day  normal 
water  testes. 

Tensile  strength, — Tensile  and  compressive  tests  were  made  of 
samples  taken  from  each  barrel,  also,  from  each  of  the  10  mixtures. 
These  tests  for  both  the  neat  cement  and  1 : 3  standard-sand  mortars 
(using  Ottawa  sand  screened  to  20-30  size)  were  made  in  sets  of 
three  at  ages  of  7,  28,  90,  180,  and  360  days.  F'or  the  neat  cement  a 
1-day  test  was  also  made. 

The  results  of  the  tensile  tests  are  given  in  Table  116  (p  16), 
eacli  value  being  the  average  of  three  tests.  All  the  tests  of  each 
individual  brand  are  grouped  together  and  given  a  single  letter  for 
identification.    The  register  numbers  in  this  table  are  the  same  as 
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ft?t«!  ill  Table  I  (p.  11).  so  that  the  results  of  tests  of  physical  prop- 
i€5s  of  any  sample  can  be  compared  with  the  chemical  analysis. 
le  tenii>eratures  of  the  water  and  of  the  air  given  in  this  table  are 
>se  observed  at  the  time  of  making  the  test  pieces.  The  percent- 
e  of  water  is  that  required  to  secure  a  normal  consistency  and  was 
termined  in  advance  in  each  case.     At  the  bottom  of  each  group 
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'nrvet*  nhowini;  variation  of  tensile  Btrength  with  age  of  neat  cement. 


ire  given  the  average  values  for  that  brand  and  at  the  bottom  of 
ho  table  are  given  the  averages  for  the  10  mixes.  Between  brand  (i 
md  the  mixes  there  is  a  line  which  gives  the  averages  of  all  the  08 
«mples  taken  from  the  seven  individual  brands. 

EHert  of  age  on  terutile  strength. — The  average  results  of  tests  to 
letermine  the  effect  of  age  on  tensile  strength  for  each  individual 
)nnd  and  for  the  10  mixes  are  plotted  in  figs.  1  and  2.    Fig.  1 
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shows  the  results  for  neat  cement  and  fig.  2  the  results  for 
standard-sand  mortar.  In  both  these  diagrams  it  is  noticeable  i 
there  is  an  increase  in  strength  up  to  90  days,  almost  uniform  stren 
from  90  to  180  days,  and  a  decided  falling  off  in  almost  every  < 
to  360  days.  It  should  be  observed  that  in  fig.  2  the  curve  show 
the  variation  of  strength  with  age  of  the  average  of  the  10  mixes  c 
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Fio.   2. — Curves  showing  yariatlon  of  tensile  strength   with  age  of  1 :  3  standard- 
mortar. 


not  correspond  exactly  in  shape  to  the  curves  for  the  seven  brai 
In  this  case  the  maximum  strength  is  attained  at  90  days  ,and  tl 
is  a  falling  off  to  180  days.  Afterwards  the  strength  is  almost  < 
stant  to  360  days. 

CompresHim  strength. — The  results  of  the  compressive  tests  of 
cubes  are  given  in  Table  lie  (p.  19).    The  register  numbers  being 
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\    same,  the  compressive  strength  can  be  compared  with  the  chemical 
composition.  Table  I  (p.  11),  and  with  the  other  physical  properties 
I    in  the  preceding  sections  of  Table  II  (pp.  13-18). 
Ji      The  irregularity  in  the  results  of  the  1-day  and  7-day  compression 
i    tfets  of  neat  cement  can  probably  be  accounted  for  by  the  conditions 
.^,    in  the  laboratory  while  these  tests  were  being  made.     The  galvanized- 
inm  cans  that  are  now  used  for  storing  cement  had  not  been  pro- 
cured in  sufficient  numbers  at  the  time  of  mixing  these  test  pieces, 
and  a   large   amount   was   stored    in   sacks,   where   it  was   subject 
to  the  action  of  moisture  in  the  air.     The  lack  of  a  sufficient  number 
of  cube  molds  and  the  delay  in  obtaining  sufficient  Ottawa  sand 
rendored  it  necessary  to  continue  the  molding  of  the  test  pieces  over 
H»\vral  months  through  the  winter  of   1905-6.     Furthermore,  the 
exposition  buildings  used  by  the  laboratories  were  ill  adapted  for 
the  work,  and  the  installation  of  the  necessary  heating  plant  was  not 
.  wniplete<l  until  after  these  tests  were  made.     During  this  period  the 
j  temperature  frequently  dropped  at  night  as  low  as  40°,  which  re- 
I  tardwl  the  hardening  and  reduced  the  early  strength.     In  the  tests 
I  at  the  end  of  180  days  the  regularity  and  uniformity  in  the  results 
jwm  to  indicate  that  these  early  conditions  had  little  effect  on  the 
final  strength.     The  blank  spaces  in  Table  II  indicate  breaks  in  the 
^^^ios,  where  no  test  pieces  were  made,  on  account  of  the  poor  con- 
dition of  the  cement.     Xo  cement  was  tested  if  there  was  any  indica- 
ti"ii  of  its  havin<r  i>een  injured  by  the  moisture  in  the  air. 

The  experience  with  the  first  cements  was  very  valuable  in  indicat- 
ing: the  care  that  should  be  taken  in  storing  cement.  At  the  present 
liiiie  the  cement  is  dumped  out  of  the  sacks  as  soon  as  received,  mixed 
Hi  the  eiil>ical  mixer,  and  stored  in  air-tight  cans.  As  an  additional 
I'n'<aiition.  all  similar  test  pieces  are  molded  at  the  same  time.  A 
"•niplete  heatinir  system  has  now  been  installed,  making  it  possible 
^0  •imtrol  the  temperature  of  the  lai)oratories. 

The  temperatures  given  in  this  ta!)le  are  the  temperatures  of  tlie 
wnteraiKJ  of  the  air  in  the  laboratory  at  the  time  of  molding  the  test 
|»it^v<.  The  neat  test  pieces  and  the  1 :  l\  mortar  test  pieces  were 
nud'led  at  iJitTtTent  times,  so  different  temperatures  are  given  in  the 
^»M«-.  Tli«-  percentage  of  water  used  in  the  test  pieces  was  deter- 
miiietl  in  advance. 

TIh*  averages  for  each  brand  are  given  at  the  bottom  of  the  grotip 
'ihi\  \\n'  avi*rages  for  the  68  test§  on  the  individual  brands  are  given 
nt-ar  the  iM)ttoni  of  the  table,  in  the  line  marked  "Average  A-(i.'' 
The  avi-rages  for  the  10  mixes  are  given  at  the  bottom  of  the  table. 
h'ffr.f  of  (ujt  on  compressive  strength, — The  results  given  in  Table 
H  are  illustrated  in  figs.  3  and  4,  for  neat  cement  and  1  :  '^  standard- 
7    stnd  mortar,  respectively.     In  each  of  these  figures  the  curves  for 
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the  seven  brands  and  for  the  average  of  the  10  mixes  are  sho 
separate  diagrams.  The  difficulties  already  mentioned  accoui 
the  difference  between  the  curves  in  these  two  figures,  whic 
greater  than  those  for  the  tensile  tests  (figs.  1  and  2).  These  i 
differ  from  the  curves* showing  the  variaticm  in  tensile  strengtl 
age,  in  that  the  compressive  strength  c<mtinues  to  increase  up 


^-s 


Fkj.  :t.- 


A6e  /A/  Mrs  ^ser  /a/  o^ks 

■(^urveH  showlnp  vftrlHtlon  of  compressive  strenKth  with  age  of  neat  c< 


da.ys,  and  the  falling  off  noticed  in  the  tension  tests  after  180  ( 
not  apparent. 

Percentage  of  gain  in  strength. — In  order  to  determine  th 
centage  of  gain  in  strength  from  7  to  28,  from  7  to  90,  from  7 
and  from  7  to  800  days  for  cements  having  different  strengtl 
days,  Tables  III,  IV,  V,  and  VI,  based  on  the  results  given 
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ecedin/a:  table,  have  been  i)repared,  showing  the  tensile  and  compres- 
re  strengths  of  the  different  test  pieces.  The  actual  strengths  are 
serteil  for  purposes  of  reference.  The  four  right-hand  columns  in 
ch  table  contain  the  j^ercentages  of  gain.  A  round-number  group- 
g  is  also  shown,  and  at  the  lx)ttom  of  each  group  the  average 
rengths  and  average  i)ercentages  are  given. 


^OOD 

r" 

^^^ 

^^ 

_^ 

^^ 

■^ 

^000\ 

/ 

(* 

'^ 

^jooe 

/ 

' 

/ 

i,OOP 

J 

1 

1 

S,OO0 

-= 

^f0C^ 

,^ 

'     ' 

1 

,-^ 

-^ 

"^ 

^000 

J 

^ ' 

;j' 

.-^ 

^e.ooc 

r 

r 

AvfrffAac  ftJf* 

.  AOO0 

_  1 

^^,000 

^ 

— 

'^ 

5  3,^C0 

V 

,.-^ 

A 

} 

-^ 

A^ctfj^mj^  ron 

/ 

r 

'1  ; 

0 

s,&oo 

-^ 

^.000 

^ 

/ 

^^ 

"•^ 

Jt^OO 

r 

^ 

/ 

r 

yi 

Mrr^Mte    ron 

^ 

MT^^me  ran 

0 

j_ 

L 

L 

L 

'^S 

1    ' 

1 

^ 
$ 

< 

:) 

s 

-5 

§ 

1 
1 

a 

s 

>«tf^  fi^OAYS 


ASC  fN  DAYS 


Vi.   4.- 


'urToii  Rhowin;;  Turlatlon  of  compresHlvo  Htron^^th  with   Uf^c  of   1  :  :{   standard- 
sand  mortar. 


Table  III  gives  the  percentage  of  gain  in  tensile  strength  of  neat 
&ment  for  the  four  j)eriods  named.  The  results  are  arrang^nl  con- 
jcutively  in  the  order  of  the  strength  of  tlie  test  pie<res  at  7  days, 
lie  lowest  values  l)eing  given  first.  It  can  readily  be  seen  that  for 
mient  testing  low  at  7  days  the  increase  in  strength  is  much  greater 
lum  for  those  testing  high  at  7  days. 
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Table  III. — Gain  in  tmxiJc  nfrrngth  of  neat  cvmvni  fnmi  7  to  2H, 

IHO,  and  7  to  S60  dayn. 


to  90. 


Pound8 

inch  at 
7  days. 


h 


RegisUrr  No. 


rt.  34 . . 
Ct.  til . . 
Ct.  ft9 . . 


Average. 


Ct.  38 . 
Ct.  fi6. 
Ct,  40 . 
Ct.  20. 
a.  4«) . 
Ct.  45. 
Ct.  7t; 


Ct.  31. 


\fCl.6ii.. 


^     ' 


Ct.64. 
Ct.  ti"). . 
Ct.  39. . 
Ct.43.. 


Ct.72. 
Ct.  29. 

Ct.24 

Ct.7K 

Ct.80 

Ct.ft8 

Ct.l7 

Ct.ll 

Ct.lO 

Ct.77 

Ct.74 

(H.57 

Ct.W 

Ct.70 

Ct.60 

Ct.27 

•VvoraKC. 


55 

I 


Ct.lti... 
Ct.Jo... 

ct.'ir.... 

Ct.71... 

ct.y.... 
ct.  13... 
Ct.2I... 
ct.  1">... 
rt.2:i... 
ct..v.... 
ct.:k)  .. 

Cl.l.... 
Ct.5.... 
Ct.32... 
Ct.M... 
Ct.ti.... 


Tensile  strength  (poundH  per  wiuare 
inch). 

7  days.  28  days.  90  days. 


Ct.  41 

Ct.  37 

Ct.  ftO I 

Ct.54 i 

Ct.38 1 

Ct.52 

Ct.M I 

'    Average I 


Ct.6« 

Ct.51 

Ct.49 

Ct.l2 

Ct.19 

Ct.47 

Ct.  62 

01.75 

Ct,  18 

Ct.  48 

Ct.  44 

Avemirt; 


5.34 
543 

i>50  , 

542 

553 
557 

fun 

56tf 
572 
574 
5X0 
581 
581 
586 
587 
589 
590 
593 
599 

578 

606 
616 
616 
623 
628 
6:{6 
637 
644 
1)45 
616 
(119 

631 

656 

6^»6 

658 

6<i0 

6ti2 

r»62 

(KW 

664 

r>(>9 

671 

674 

676 

676 

r)XO 

tiX2  . 

♦w:i  ■ 

♦V8.-)  ' 
iWt  . 
t>89  I 
699  , 

673 

70,! 
7(«  . 
707  ' 
708 
70«>  , 
713 
714 


724  I 


Average. 


718 
24  I 
725 
726  , 
7:m  ■ 
7:i6  , 
7«  I 
739  I 
719 


180  '  360 
days.   days. 


831 
766 
823 

807 

765 

960 

807 

721 

775 

857 

857 

741  I 

849  I 

810  , 

809 

715  I 

907 

8:t9 

810 

815  , 

876 

813 

767 

728 

828  ; 

736 

766  , 

846  ' 

936 

884 

-8- 

818 


994     896 

936     878 

1. 010   1.052  . 


980 

807 
1.042 
877 
929 
967  I 
1,037 
922 
978 
977 
927 
931 
905 
1.033  , 
950  ; 
943  ' 

.  9^18 

922 
981 
865 
936 
9:^7 
980 
981 
998 
1.050 
940 
958 

9.>4 


902 

908 

975 

929 

960 

907 

772 

951 

83.=) 

1,004 

824  ! 

917 

810 

916 

669 

970 

873 

924 

716 

984 

804 

1.017 

X44 

909 

751 

926 

80>S 

968 

X.-K) 

962  ; 

8«>1 

934 

851 

949 

872 

9«;2  , 

781 

893  ! 

785 

9ti.5 

S03 

958  1 

S26 

945  1 

604 

984  . 

863 

984 

914 

985 

870 

954 

753 

750  1 

860 

1,012  ! 

862 

989 

760 

9:^1  : 

801 

9«il 

759 

8M0 

SIS 

wo 

769 

9^S  . 

7n; 

977  1 

717 

7.<5 

«*V) 

951  1 

815  , 

1,009 

9«| 

916 
970 
961 
928 
89:^  ' 
985 
948 
944 
989 
973 
944  , 
865  . 
1,071  , 
1,042  I 
914 

956 

907  I 
1,005 
873 
975 
909 
955 
956 
988 

i,av> 

965 
9()2 

959 
942 

m) 

972 
928 
938 
9(>8 
846 
944 
888 
98(> 
973 
857 
873 
1,091 
999 
923 
916 
952 

9:w 

828 
962 

9:« 

9<;7 

9:^7 

984 
9(>6 
911 
925 
937 
987 
8.V2 
898 
976 
947 

l.ai5 
821 
962 

1.017 

945 


645 
810 

888 

781 

658 
777 
709 
642 
653 
820 
770 
783 
770 
778 
583 
?26 
816 
864 
<;73 

731 

744 
690 
637 
744 

677 
774 
752 
718 
689 
664 
710 

700 

704 
698 
749 
707 
748 
658 

6.5;i 

670 
752 
623 
817 
741 
659 
797 
752 

MA 
776 
769 
541 
603 


648 
692 
712 
712 
695 
645 
686 
822 
569 
618 
644 
806 
716 
616 
627 
756 

685 


Per  cent  of  gain  (liased  oi 
Htrength  at  7  days). 


7-28 
days. 


56 
41 

50 

49 
88 

44  I 

^  i 
85  I 

49 

28| 

46  : 

88  < 

38 

21 

64  j 
41  ' 
85 


7-90 
dayM. 

86 
72  ' 

84 

81  ! 

46  I 

87 

66; 

64 

69  I 

81 

59 

68 

68  ; 

69 
64 

76 
60 

57 

64 

62 

59 
40 
50 

49, 
46  I 
M  I 
55  < 
63 
46 
48  i 


80 

40  I 
37  I 

40  I 

40 
40 
89 
35 

6 
42 
89 
80 
84 
22 
80 
86 
83 

0 
29 
87 


68 
62 
91 

74 

66 
74 
71 
64 
66 
72 
6i 
63 
70 
66 
61 
47 
82 
76 
63 
66 

60 
63 
42 
57 
45 
50 
60 
68 
64 
49 
48 

52 


88 

44 

42 

30 

88 

48 

44 

41 

52 

42 

89 

46 

88 

28 

46  , 

42 

38 

S3 

47 

47 

61 

44 

34 

27 

37 

29 

42 

61 

41 

46 

87  1 

85 

89' 

84 
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LE  III. — Gain  in  tensile  strength  of  neat  cement  from  7  to  28,  7  to  90,  7  to 
180,  and  7  to  360  day«— Continued. 


r 

Register  No. 

Tenfdle  streng 
7  days.  28  days. 

th  (pounds  per  square 
inch). 

Per  cent  of  gain  (based  on 
strength  at  7  days). 

at 

90  days. 

180 
dayn. 

860 
days. 

7-28 
days. 

-  1 

23 

3 

3 

-12 

7-90 
days. 

21 
80 
24 
19 

1Q 

7-180 
days. 

7-360 
days. 

1 

Ct.« 

It.  67 

7W  ,        748 
756          932 

760  i        785 
762  1        786 
7ft4          673 
764          857 
766          727 
771           878 
788  ,        926 

761  812 

820  725 

821  833 
872          787 

916 
983 
942 
908 
907 
943 
863 
921 
1,103 

942 

955 
861 
840 

905 
878 
962 
893 
857 

646 
578 
687 
604 
72fi 

20 
16 
27 
17 
12 
8 
-17 
20 
38 

16 

16 

27 

-  4 

13 

-14 
24 

Ct.4 

rt.:i.s 

Ci.lJ     

-10 

-21 

5 

~ 

('t.2S 

823  '        603 
638  :        651 
929          M» 

12             28 

21 

z 

Ct.22     

-  5 
14 
18 

6 

-12 

—  1 

13 
19 
•*! 
23 

16 

15 

r 

<n  73 

-  14 

i. 

Ct.2 

1,079 
885 

955 

1,042 

834 

944 

772 

a*® 

669 
659 
618 

649 

1 

Average 

a.s 

Cl.  14 

-14 

-18 
—20 

1 

Ct7 

-10         -  4 

-29 

Average 

838          782 

885 

—  7 

* 

-23 

Table  IV  gives  the  percentage  of  gain  in  tensile  strength  of  1:3 
ndard-sand  mortar  test  pieces  for  the  four  periods.  In  this  table 
>  the  gain  for  the  test  pieces  testing  low  at  7  days  is  much 
ater  than  for  the  test  pieces  testing  high  at  7  days.  The  per- 
tage  of  increase  for  the  1 : 3  standard-sand  mortars  appears  to  be 
ch  greater  than  for  the  neat  cements. 

!LE  IV. — Gain  in  tensile  stretigth  of  1:S  standard  Hand  mortar  from  7  to  28, 
7  to  90,  7  to  ISO,  and  7  to  360  days. 


Ids 

r 

re 

at 


Regi«?ter  No. 


Tensile  strength  (pounds  per  square    i      Per  cent  of  gain  (based  on 
inch).  !  strength  at  7  days). 


Avezage 


225 


7 

28 

90 

180 

860 

7-28     1 

7-90 

7-180 

7-360 

days. 

days. 

days. 
484 

days. 
440 

days. 
336  ' 

days. 
107 

days. 

days. 
160 

days. 

169 

35. 

186 

99 

181 

305 

485 

465 

Ml  1 

69 

168 

157 

88 

192 

433 

499 

■119 

407  1 

126 

160 

118 

112 

192 

420 

539 

4-21 

491 

119 

181 

121 

156 

193 

828 

460 

480 

349 

70 

138 

149 

81 

196 

266 

433 

429 

320 

36 

121 

119 

63 

199 

354 

538 

515 

381 

78 

170 

159 

92 

189 

351 

491 

453 

375 

86 

161 

140 

98 

204 

318 

510 

488 

343 

53 

150 

139 

68 

205 

367 

496 

520 

359 

79 

142 

154 

75 

206 

415 

439 

423  1 

437 

101 

113 

105 

112 

206 

448 

464 

450  ! 

466  i 

117 

125 

118 

126 

208 

472 

481 

418  : 

473 

127 

131 

101 

127 

209 

821 

487 

471 

327 

54 

133 

125 

57 

211 

328 

508 

«38 

334 

53 

141 

153 

58 

212 

468 

557 

413 

430  , 

118 

163 

95 

103 

215 

474 

513 

443 

600 

1'20 

139 

106 

133 

217 

463 

660 

446 

439  ' 

113 

158 

106 

102 

222 

865 

490 

499 

381 

64 

121 

r25 

72 

232 

363 

478 

515 

:m6 

56 

106 

122 

49 

233 

327 

515 

505 

318 

40 

121 

117 

37 

285 

376 

504 

439 

349 

60 

114 

87 

49 

241 

891 

475 

501 

351 

6-2 

97 

uw 

46 

242 

379 

525 

557 

:«4 

57 

117 

130 

42 

243 

334 

506 

527 

;«i 

37 

108 

117 

49 

244 

410 

468 

577 

366 

68 

92 

136 

50 

247 

355 

525 

531 

369 

44 

113 

116 

!            49 

248 

491 

527 

45.5 

466 

98 

113 

84 

88 

249 

415 

i        503 

491 

3M 

67 

102 

97 

42 

3X6 


124 


116  i 


72 


30 
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Table  IV. — Oain  in  tensile  strength  of  1  :S  standard-sand  nu>rtar  from  7  to  i8, 
7  to  00,  7  to  180,  7  to  860  dai/*— Continued. 


I\>und8 

Tensile  atreuKth  (pounds  per  square 

Per  cent  of  gain  (based  on 

per 

Register  No. 

inch). 

strength  at  7  days). 

square 

inch  at 

7 

28 

90 

180 

860 

7-28 

7-90 

7-180 

7-W 

7  days. 

days. 

days. 

days. 

509 
623 
628 
492 

days 

894 
526 
480 
482 

days. 

days. 

days. 

days. 

daji. 

Ct.  12 

251 
251 
263 
254 

307 
811 
348 
8;« 

879 
879 
852 
897 

22 
24 
88 
81 

103 

57 

51 

Ct.20 

108  109 

109  9U 
94           90 

51 

Ct.26 

« 

Ct.  13 

U 

Ct.21 

256 

850 

497 

468 

410 

37 

94           83 

eo 

Ct.29 

257 

328 

498 

615 

866 

26 

94          100 

12 

Ct.37 

262 

388 

515 

520 

825 

46 

97            98 

24 

§ 

Ct    2 

268 

829 

480 

605 

867 

28 

79  1         88 

37 

Ct.48 

271 

401 

550 

502 

860 

48 

103           85 

s 

Ct.27 

272 

371 

525 

498 

343 

36 

93  ,         83 

» 

d 

Ct.64 

276 

458 

511 

488 

822 

66 

85  1         77 

17 

Q 

CMC. 

276 

372 

502 

519 

386 

85 

82           88 

tt 

Ci 

Ct.  18 

276 

374 

506 

508 

408 

36 

83            84 

« 

g 

Ct.51 

277 

887 

607 

582 

331 

40 

83            92 

20 

s 

Ct.22 

280 

355 

617 

310 

876 

27 

85            11 

S4 

^ 

Ct.23 

277 

848 

458 

497 

410 

26 

65 

79 

ft 

1 

Ct.58 

284 

400 

643 

514 

871 

41 

91 

81 

SI 

PQ 

Ct.6» 

285 

480 

49 

497 

826 

51 

72 

74 

14 

Ct.    1 

290 

342 

498 

429 

462 

18 

72 

48 

69 

Ct.  63 

292 
297 

476 
3.34 

473 
493 

506 
485 

831 
867 

68 
12 

62 
66 

73 
63 

IS 

Ct.    7 

ac 

Ct.57 

298 

414 

536 

622 

828 

89 

80 

78 

10 

Ct.60 

800 

408 

495 

497 

356 

86 

65 

66 

19 

^    Average 

274 

372 

506 

487 

366 

36 

85 

78 

S4 

/Ct.    9 

301 

368 

511 

511 

369 

22 

70 

70 

21 

Ct.    8 

302 

351 

491 

456 

352 

16 

68 

51 

i: 

Ct.  36 

803 
304 

892 
341 

536 
527 

518 
501 

asi 

391 

29 
12 

77 
78 

71 
66 

16 

Ct.44 

29 

Ct.42 

306 

404 

568 

520 

348 

82 

86 

70 

14 

• 

Ct.  60 

307 
808 
309 
310 
810 
313 
315 

897 
349 
392 
823 
396 
435 
403 

525 
510 
517 
510 
457 
465 
504 

527 
486 
606 
522 
466 
477 
488 

358 
416 
374 
354 
359 
391 
398 

29 
18 
27 

4 

28 
89 
28 

71 
66 
67 
65 
47 
49 
60 

72 
58 
64 
68 
50 
52 
56 

17 

1 

Ct.  14 

S& 

•o 

Ct.  43 

21 

1 

Ct.    3 

14 

QS 

Ct.  28 

16 

i 

Ct.  19 

25 

c 

0) 

Ct.25 

n 

Ct.  82 

315 
817 

389 
409 

607 
565 

495 
506 

339 
355 

28 
29 

61 

75 

57 
60 

8 

1 

Ct.49 

12 

Ct.  56 

319 
322 

370 
345 

508 
541 

iS 

382 
860 

16 
7 

69 
68 

59 
69 

20 

& 

Ct.    6 

12 

Ct.39 

323 

411 

500 

518 

332 

27 

65 

60 

S 

Ct.S5  

323 

386 

529 

485 

415 

20 

64 

60 

29 

Ct.24 

824 

398 

492 

511 

379 

21 

52 

58 

17 

Ct.ll 

'        341 

364 

516 

478 

396 

7 

51 

40 

16 

Ct.l5 

349 

872 

509 

512 

359 

7 

46 

47 

8 

Average    

'       815 

1 

880 

513 

502 

370 

21 

68 

59 

17 

Table  V  gives  the  percentage  of  gain  in  compressive  strength  of 
neat  cement  for  the  four  periods  named.  In  this  case,  also,  it  can  be 
seen  from  the  table  that  the  percentage  of  gain  for  the  test  pieces 
testing  low  at  7  days  is  much  greater  than  for  the  test  pieces  testing 
high  at  7  days.  The  percentages  of  increase  are  greater  in  every  case 
than  those  of  tensile  strength  of  neat  cement  or  1 : 3  standard-sand 
mortar. 
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JE  V. — Gain  in  compressive  atretigth  of  neat  cement  from  7  to  28,  7  to  90, 
7  to  180,  and  7  to  360  days. 


da 


Renter  No. 


Cocapreesive  streoffth  fpnunds  per 


Ct.65 

2,138 

2,adS 

2,95L 
2,096 

3,096 
3,1M 

1    3/231 
i    3.2W 

S,442 

a.  574 
3,600 
3.613 
XMi 
a.  799 

3,943 
a,  961 

9.516 

4,102 
4,254 
4,274 
4.400 
4,450 
4.fi63 

i.^m 

1.625 

4,m 

4.887 
4.896 
13&7 

4[m 

4.957 
4,966 

1.631 

^m 

,  Km 
bAm 

6^275 
6*1» 
fi,3» 

ft,&4f> 
5,717 
5.821 

b^m 
Km 

«.9ftl 

6. 996 

5.546 

n.flfis 

Ct.52 

Ct.69 

Ct.45 

Ct.61 

Ct60 

Ct.S3 

ri.75 

*    Avermge 

/Cl.62 

Ct.46 

Ct6 

Ct.  48 

Ct.34 

Ct.  47 

Ct.51 

Ct.29 

)ct.b\ 

Ct.71 

Ct.40 

Ct,31 

Cl.  49 

Ct.4I 

rt.38 

Ct.63 

Avermre 

.Ct.74 

Ct.6» 

Ct.65 

Cl,26 

Ct.76 

Ct.  78 

a.  42 

Ct.  28... 

'Ct.53 

'Ct.69 

Ct.64 

Ct,37 

Ct.  IS 

Cl.56 

Ct.  10      

Ct.13 

Ct.l2 

Average 

,ct.n 

Ct.  57. 

Ct.  20 

Cl.72 

Ct.TO 

Ct.58 

Ct.32 

Ct.22 

^ct.ai 

Ct.60 

Ct.l9 

Ct.ll 

Ct.44 

Ct.7 

Ct.l4 

^    Average _ 

rC!.39 

a.2 

Ct.23  

let.  67 

let.  43 

■    fi.371 

Ct.l6 

Ct.6 

Ct.l 

7dftyi.  ISBd&yy. 


«.U4 
fi,ti9i 

6,113 
a,  488 
4,786 
6,S7fl 
«,4^ 
»,013 

6,321 

S.55fi 

4,096 
9,209 

^4Al 

b,itm 

&,isa 

a,  439 

5/JiJS 
K  4hl 

«,OJ0 
6,30d 

a  571? 
5,186 

7,727 
7,087 
7,e27 

S*.rT03 
7.734 
8.SdS 

G,sm 

12,  IM 
6.Ufr 
S.470 

7,40ft 


tfOdayb. 


g,lM 
6,929 

10,  «H 
8,199 
7,e06 

11,067 
9,fl70 

10,  om 

9,189 

9,390 
9,1!»3 
I0,6fi0 
10,475 
9,291 
»,ir7 
12,2^ 
10,226 
6,«eOO 

ia,53e 

9/Ji6(} 
8J45 
10t1*18 
9,445 

9,912 
9,577 

10,334 
S,  Ui 
10,  Sit 

9,C^ 
11,759 
11,631 

8>7H 
10.917 

11,732 
14,20$ 
§,804 
«.979 
7,03S< 
8.Cfi3 
9,  U5 


180 


dftfai 


11,326 
11,3^ 
H,CWO 
ll,ftl2 
J1.B79 
11,759 
11,813 

11,30^ 

11,346 

9,SM 
U,5H1 
10,  «^ 
10,161 

9,9M 
14,7S3 

6,790 
]0,4<^ 
10,047 
10.0S4 

9,325 
10,942 
m,20H 
11,327 
10,919 


ii,ai& 

11,267 
U,474 
12, 152 
11.066 
14,019 
12,060 

12,128 

10.495 
ll.TSff 

12,fi&9 
U,358 
IS,  511 
i;i,  141 
12.  t^ 
12.648 
14,076 

9.499 
10, 956 
11,390 

fl,S4ft 
11,773 
11,262 


10,6^     11,7T§ 


12.359 

11,947 

13,004 

H.724 

12,iMi2 

,  10,  fi6a 

!  ll,15U 

:  ll,.?2t 

11,697 

12,47,^ 

12,  Kit* 

9,044 
10,662 
10,192 
12,176 

9,ft48 


I 


fi.(j;«       a,  901      11.  RIO      12,597 


12,146 
13,807 
12,9fl7 
11,^1 
12,007 
12,865 
n,449 
10.973 
12,425 
14,27iS 
H.OM 
10.»14 
n,3«3 
IS.  774 
I/.WO* 
13,033 
12,826 


7,854 
T,JaQg 
7,SI0 
8^fi06 
7,006 
9,5S1 

9,oao 

7,191 
9,42€ 
8.9fJ 
e,fe£7 
B,44f« 
10,2U6 
6,311 
9,6«« 


11,068 
10.912 

«,729 
tO.iM 
11, OW 
to,  388 
to,!  01 

9,06A 
10,301 
10,03fl 

9,642 

9,039 
11,216 

9,746 
I    8,497 


11,^^198 

9,046 
10,9»B 
11,«23 
12, 944 
12,60a 

10.  aw 

I  11,421 
12.3.11 

I  11,138 
9,170 
14,864 
10,108 

I    8.S27 


12, 4n 
12,007 

12,  im 

13,247 
12,  <MV4 
10,877 
10,»96 
11,384 
11,978 
11,900 

7.725 
13.376 
It,  094 

9,338 


Per  cent  of  gain  { bflscd  on 
Iln*tigihiit7dmyfc). 


T-2& 


8,312     10,028     11,313     11,660  | 


7,929 
9.427 
6,464 
9.2f>S 
9,717 
9,fi20 
l2,9.Vi 
fi.&Sl 


8,937  I  10,135 
12.319  '  13,367 

9,504  I  9,511 
11,672     12,456 


11,763 
12. 246 
12.2:i2 
13,237 


11,730 
11,413 
l.>.27« 
15,292 


10,320 
12,618 
10,073 
12,497 
11,827 
12. 440 
l«i,  146 
11,631 


186 
219 
164 
120 
67 
lU 
120 
167 

146 

S6 
97 

igg 

70 
79 
66 

115 
48 
47 

196 
71 
73 

111 

107 
60 
68 


112 

as 
m 

81 
81 
71 
90 

108 
67 
76 
40 

lis 
23 
71 
95 

49 
73 

46 
54 
45 

35 
73 

m 

30 

M 
61 
41 
72 
5 

4S 
58 

31 
55 
4 

49 
56 
51 
105 
34 


7-90 

7-lBO 

fi*r«. 

dftyu. 

m 

344 

im 

426 

B6ft 

3&2 

2SS 

344 

166 

SOS 

277 

mt 

236 

299 

^ 

296 

286 

331 

212; 

277 

197 

201 

235 

264 

m 

230 

133 

209 

174 

197 

256 

329 

189 

m 

90 

193 

193 

m 

156 

176 

m 

1^ 

168 

188 

141 

161 

109 

187 

152 

177 

175 

302 

150 

iai 

7-360 
d&jie. 


IM  I 
103 
120 
164 
153  1 

90 
136 

76 
HO 
191 

73 

82 

42 

75 

84 

116 

119 
115 

68 
194 
113 

95 

63 

m 

T2 
63 
M 

63 
42 

82 

48 

102 
53 
87 
87 
91 
93 

108 


397  I 

174  ' 

l»t 

139 

144 

152 

161 

165 

]t» 

;!38 

94  ■ 
llfi 
106  I 
lt6 

96  < 

166  I 
t30  i 

149 

74  I 
l£» 
121 
144 
134 

87 

100  , 
112 

91  I 

* '  I 
160 

69  I 

49 

104 

67 
120 

63 
100 

87 

81 
141 
140 


430 
59S 
387 
360 

277 
376 

\m 

249  . 

379 

309 

246 
363 
2H2 
268 
2&4 
291 
160 
197 
200 
113 
199 
186 

2i«& 

201 
257 
306 
17B 
l!f7 
1^ 
161 
HO 
169 
192 

vn 

129 
379 
159 
163 
160 

172 

147 
166 
131 
t^ 
IhT, 
138 
IQQ 

97 

99 
106 
104 

32 
126 

^S 

60 


71 
108 

62 
101 

88 

97 
155 

83 


32 
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Table  V. — Gain  in  compressive  strength  of  neat  cement  from  7  to  28,  7  to  99t 
7  to  180,  and  7  to  360  rfa|/»— Continued. 


PoundB 

per 
Hquare 
inch  at 
/days. 


is 

IS 


Register  No. 


Compreflsive  Rtrength  (pounds  per 
square  inch). 


I  I 

7  days.  |28  days.  90  days. 


180 
days. 


Ct.  17. 
Ct.  30. 
Ct.73. 
Ct.  16. 
Ct.86. 
Ct.21. 


6.402 
G,623 
6,671 
6,832 
6,9»4 
6,961 

Average I    6,461 

Ct.27 !  7,804 

Ct.8 !  8,131 

Ct.4 '  8,603 

Ct.9 ,  9,016 

Ct.25 j  9,611 

^    Average 8,593 


9,724 
9,376 
8,003 
7,141 
8,622 
8,877 

8,967 

11,168 
13.064 
10,683 
12,021 
12,874 

11,962 


11,334 
12, 138 
9,578 
9,943 
10,236 


12,653 
12,538 
11.094 
10.904 
12,000 


9.869  j  10,888 

11,036  j  12,090 

11,865  1  11,874 

9,971  ;  14,794 

12,196  11.054 

11,996  I  18.164 

11,281  I  12,719 

11,460  i  12.719 


days. 

12,766 
16,386 
12,234 
9,906 
10,704 
11,637 

12,219 

13,228 
12.896 
10,970 
16,690 
11.430 

13,048 


Per  cent  of  gain  (bafied  on 
strength  at  7  days). 


7-28    ,    7-90 
days.  I  days. 


52 
42 
20 
6 
24 
28  , 

40 ; 

43 
61 
26 
83 

S6| 

40 


7-180     7-aeo 

days.  I  dayR 


83  ' 

46  I 
48| 
36  ' 

72j 

62  I 
231 
43  I 
33  I 
19 

34! 


73 
56  ' 

87, 

52, 

82  ' 

30i 
46  I 

34| 

48  ' 


99 
147 

& 
iS 
55 
66 


59 

29 
85 

ao 

51 


Table  VI  gives  the  percentage  of  gain  in  the  compressive  strength 
of  1:3  standard-sand  mortar  for  the  four  periods.  Although  the 
percentage  of  gain  for  the  test  pieces  testing  high  at  7  days  is  less 
than  for  those  that  test  low  at  7  days,  a  very  large  increase  is  still 
shown  throughout  this  table. 


Table  VI. 


-Gain  in  compressive  strength  of  1:3  standard-sand  mortar  from  7 
to  28,  7  to  90,  7  to  180,  and  7  to  SfW  days. 


Pounds 
per 

H(|UHre 
inch  at 

7  days. 


Register  No. 


Compressive  strength  (pounds  per 
square  inch). 


^      I 


IrCt.  34. 
Ct. :«. 
Ct.  65. 
Ct.  31. 
ct.  29. 


Avemge. 


Ct.45. 
Ct.  76. 
Ct.  6G. 
Ct.  75. 
Ct.  28. 
Ct.  20. 
Ct.  10. 


I 


Average. 


r^  i 


Z     ! 


Ct.77 

Ct.  47 

Ct.69 

nt.37 

Ct.  18 ,. 

Ct.61 

Ct.  74 

Ct.O 

Ct.  12 

Ct.69 

Ct.  .'Hi 


Ct. 


Average. 


7 

28 

i\K 

days. 

fj'U 

1,654 

t!." 

1,363 

T.hii 

2.088 

7IU 

1.308 

7f^ 

1,486 

i-% 

1,549 

K^.[i 

949 

Mt^ 

2,209  1 

HiT 

1,746 

K^;, 

2,103 

8.H^ 

1.396 

K^L^ 

1,314 

9W 

1,368 

8^ 

1,584 

903 

2.253 

1NI7 

1,294 

D12 

955 

»iy 

Xr^'t 

92:^ 

1<7W 

92^J 

1,209 

9^ 

2,133 

9^ 

1,319 

9)HI 

1,499 

973 

2.239 

9fc 

2,SM 

ywi 

1,776 

91J 

1,866 

i,344  I 
^.970  I 

-1.681  I 
],467  1 
i,163  I 

2,725  , 

2,396 
3,201 
i,824 
1,813 
'i,140 
1,800 
1.600 


8,796 
2.641 
2,fi03 
3,(t41 
2,322 

%4m 

3v6S8 
2,102 
2  446 
3,S63 
3,M2 

2,946 


2,609 
4,631 
3,700 
2.846 
2.244 

3.206 

3,141 
3.608 
3.275 
4,375 
2.346 
2,562 
1,864 


2,639      3,023 


4,162 
3,818 
2,858 
4,600 


2,688 
4,050 
2,605 
3,317 
4.400 
8. '267 
2.617 

3,480 


90  180  360 

days.  I  days.      days. 


3,988 
4,342 
4,200 
8,525 
8,676 

8,926 

3,150 
4,500 
3.633 
5.200 
3.167 
2.900 
1.650 

8,457 

4.775 
4.383 
2,917 
7.275 
2.750 
4,158 
4,496 
2.437 
3,283 
4,771 
•4.675 
2.367 

4,024 


Per  cent  of  gain  (based  on 
strength  at  7  days). 


7-28 
days. 


162 
111 
178 

77 

93 

124 

14 
161 
101 
138 

57 

48 

52 

82 

150 

43 

5 

240 

90 

30, 
122  I 

38  I 

55 
130 
190 

80 

98 


7-90 
days. 

295 
360 
404 
233 
182 

295 

187 
278 
226 
331 
141 
102 
78 

192 

320 
198 
174 
296 
152 
169 
269 
120 
156 
297 
261 
148 

213 


7-180  I  7-360 
days,  i  days. 


617 
393 
284 
192 

861 

276 
H26 
278 

394 ; 

164  ' 
188  i 
106 

246 


321 
218 
292 


189 
822 
162 
246 
362 
243 
166 

269 


571 
673 
475 
376 
366 

465 

277 
432 
819 
488 

257 
226 

8S 


692 
1« 
848 
870 
156 

876 
140 

S87 
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Lfc  VI. — Gain  in  compressive  strength  of  /:3  standard-sand  mortar  from  7 
to  28,  7  to  90,  7  to  ISO,  and  7  to  360  da|^«— Continued. 


Ids 

r 

.     Register  How 

CkimprMflive  Etrenj^h  ( pounds  T>er 

Percept  of  galri  (banedon 

1  at 

1 

28 
1  «Q 

00 

2,861 

;s.2J3 

2.228 

3.9n 
2.sri 
3.e&i 

S.20& 
3,102 

lao 

8.212 
S,fl7S 

3.  en 

2,4M5 
4,S37 

3,667 
3,780 
3.490 

5,117 

360 

7-2S 

7-90 

7-180 

^0 

3&a 
182 
S07 
178 
213 
2Sa 

354 

183 

7-8fl0 
day. 

1 

Ct.M  ,-- - 

l.OOE 

4.188 
4.044 

3,m 
3.367 
4.384 
!S.7n 
4.30» 
3.»4a 
3.866 

2.042 

74 

GO 

67 
191 

73 

143 

1 

10 

13 

58 
46 
29 
41 

106 
AO 

172 
10 

'^ 

18 
169 

n 

121 
HI 

25 

60 

99 
111 

87 
78 
87 

92 

m 

214 
113 

207 
ISf 

241 

I9i 

126 

812 

.  i 

Ct.72 ,   ...-,-. 

Ct.  13. „. 

1,006       1.755 
l.IKEZ  .     l.flJCl 

8n2 

206 

S   1 

Ct.7.„ ,-.,.- 

Ct.  5 

1,04a 

i,Odff 
i,iHi 

1,074 
1.014 

1,103 
1,119 
1,12a 
1.124 
1.131 
l,13S 

Iris 

1.1517 

l,l«i 

1,1S» 

1:SS 
l:IS 
{;JS 

l,4lfi 

1,44S 

1.7M 
*,106 
1.M3 
2,696 

him 

1,881 

],3«> 
1,563 
1,775 
IM^ 

hm 
%m 
hm 

8,142 
l,3B8 

1,931 

a,M4 

2.  MO 

2,333 

i.tn 

1  621 

231 

312 

Ct.32 .„,...., 

Ct63 ,- 

213 
303 

I 

ctsa.. .„,,,, 

Avei*!:^,. 

'Ct.49... 

Ct.ll. ...-.-.„..,, 

a.  19,..,,-.. - 

Ct.  46.   __.. 

2.S8 
270 
139 

2,m 
2,  am 
a,o»j 

3,793 
3>174 

2,947 

s.ao2 
3.T2a 

4.331 
2,194 

2,7sa 

3.750 
4,067 
6,026 
4.750 

119 

138 

m 

233 
176 

102 
194 

229 
296 
143 

148 

284 

§ 

a.  as 

Ct.S9,...„.- 

Ct.22 .,..,., 

Ct.l6 

cuse 

ct.  4K..**... 

213 
S12 
312 

H,220 
2,870 

2.97S 

2.«M 

2,A18 
f.900 
3,SIfi 
Z&4E> 

i.n§4 

a,  267 

3,284 

3,703 
3,608 
2,830 
2,689 
3,677 

3,301 

S,483 
a.  045 

3,368 

2.37^ 
2.82J5 
3.008 
4.M8 
4.33« 

X2m 

3.425 
3.117 
3,318 

3,300 

3.505 
3,507 
3.642 
2.909 
4.405 

3,594 

4,292 
a.2U§ 

3,816 

4.012 
3.100 
3,6ft7 
4,217 
4.833 
8,9H3 
4.300 
3.908 
3,«K 

3,992 

3,825 
3.658 
4,042 
3,375 
3. 475 

3.675 

17K 

142 

161 

103 
161 
120 
183 
176 
104 

im 

12S 

,!^ 

144 
130 
70 
46 
94 

97 

201 
167 

196 

84 
110 
127 
201 
314 
132 
113 
115 
129 

140 

131 
124 
119  1 
58 
132 

112 

■271 

m 

% . 

Av^TMge ,. 

Ct.  17,.  „ 

01.30 

Ct.21 - 

Ct.4 -.- 

('t.frl 

0.50 

Ct.67 ^ 

235 

213 
140 
178 
2>16 
250 
186 

1 

Ct.44 

Ct.  .SI        .,.„*.., 

170 
169 

Averajje 

1,375       2.185 

190 

I 

Ct.  27 

Ct.8 

Ct.21 

Ct.  25 

Ct.  9 

1.515 
1,568 
1.6&4 
1,845 
1,898. 

1,698 

3,014 
3.304 
3,106 
3,298 
3,545 

3,253 

153 
133 
143 
83 
183 

I   1 

A  vera^ 

116 

:     1 

\  study  of  Table  II  (pp.  13-21)  reveals  the  very  important  fact  that 
matter  whether  the  cements  test  low  or  high  at  7  days,  and  despite 
*  varying  percentages  of  increase  for  the  four  periods,  the  180-day 
il  the  300-day  strengths  are  all  reasonably  close  to  one  another. 
lis  fact  shows  that  early  strengths  may  vary  considerably  without 
•iously  affecting  the  later  strength  of  the  cement  or  mortar. 
The  percentages  of  gain  given  in  Tables  III,  IV,  V,  and  VI  are 
Kstrated  graphically  in  fig.  5.  The  strength  in  pounds  per  square 
'h  at  7  days  is  plotted  horizontally  and  the  average  percentage  of 
Tease  in  strength  for  each  group  of  three  is  plotted  vertically.  The 
?rease  in  every  case  in  the  percentage  of  gain  with  the  increase  in 
ength  at  7  days  is  readily  apparent  from  these  curves,  which  are 
>tted  from  the  averages  of  about  5,000  testes,  and  serves  to  indicate 
>bable  strengths  for  periods  beyond  the  7-day  strengths. 
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STRENGTH  TESTS  OF  TYPICAL  PORTLAND  CEMENTS  USED  IN  TESTS  OF  MOR- 
TARS OF  SAND,  OF  GRAVEL  SCREENINGS,  AND  OF  STONE  SCREENINGS. 

Method  of  tests. — After  the  molding  of  the  test  pieces  of  the  seven 
individual  brands  and  of  the  10  mixes  was  finished  the  typical  Port- 
huid  cement  was  mixed  with  varying  proportipns  of  the  various  sands, 
gravel  screenings,  and  stone  screenings.     In  every  case  when  a  set 


Q       Q       ^       Q       C> 

PCK/NOS  Pr/^  SQ</A/^£  //VKiV  AT  7 DAYS. 

Fio.  n. — Gain  in  tensile  and  compressive  strenjjths  of  neat  cement  and  1 : 3  standard-sam 
mortar,  at  2H,  00.  ISO,  and  300  days ;  percentages  based  on  strength  at  7  days. 

of  mortar  test  pieces  was  made  a  set  of  neat-cement  test  pieces  was  alsc 
made  at  the  same  time  from  the  same  cement  for  tension,  compres- 
sion, and  transverse  tests,  in  order  to  afford  a  basis  of  comparison  be- 
tween the  strengths  of  the  different  mortal's.  In  order  to  identify 
the  parallel  cement  tests,  the  register  numl^ers  of  the  sample  use<i 
in  these  tests  were  given  in  the  mortar  tables  opposite  the  register 
numbers  of  the  materials  with  which  they  were  used. 


TESTS  OF  CBHENT. 
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TennU  strength. — ^The  results  of  the  tension  tests  are  given  in 
ible  Vila,  each  value  being  the  average  of  three  tests.  The  first 
ixture  of  seven  brands  was  given  the  register  number  Ct.  79,  and  all 
mples  taken  from  this  were  given  the  same  register  number  and  a 
»nd  number  to  indicate  the  number  of  the  sample.  For  example, 
/.coo 


J'^^T'. 


§ 


^       ^  ^  §  ^ 

ASiT  /A<  OArS  AS£^  iN  DAYS 

6. — Cnrret   showinff  TariatloD    of   tensile   strenjrth  with    age   of   typical    Portland 

cement. 


e  first  register  number  given  in  Table  W\a  is  Ct.  79-1,  the  next 
.  7J^:i,  etc.,  and  so  also  for  Tables  Vlli  and  Vllr. 
Table  Vila  affords  an  opportunity  to  study  the  effect  of  storage 
air-tight  cans  on  the  tensile  stren^h  of  the  typical   Portland 
nent  used  in  the  mortars.    The  results  given  near  the  top  were 


36 


TESTS   OF    MATERIALS   OF   CEMENT   MOBTABS. 


obtained  from  samples  taken  from  the  can  early  in  the  work,  those 
given  near  the  end  of  the  table  being  obtained  almost  a  year  later. 
The  cement  used  in  the  later  tests  was  approximately  one  year  older 
than  that  used  in  the  first  tests. 

The  variation  of  strength  of  these  tensile-test  pieces  with  age  is 
shown  in  fig.  6,  each  of  the  separate  averages  being  represented  by  an 
individual  curve.  The  curves  showm  in  fig.  G  are  less  uniform  and 
not  so  much  alike  as  those  in  fig.  1  (p.  23). 

Table  Vila. — TensUe  strength  of  typical  Pt/rtland  cement  used  in  inortar  ietU. 


Register  No. 


Temperature 

(*F.). 


Water,  i    Air. 


79-1.. 
79-2.. 
79-3.. 
79-4.. 
79-5.. 
79-6.. 
79-7.. 
79-«.. 
79-9.. 
79-10. 


66.2  I 
63.5  I 
66.9  I 
68.0  I 
66.2  I 
65.8 
66.2  ! 
65.8 
63.6 
59.8  I 


79-11. 
79-12. 
79-13. 
79-14. 
79-15. 
79-16. 
79-17. 
79-18. 
79-19. 
79-20. 


Average 


79-21. 
79-22. 
79-23. 
79-24. 
79-25. 
79-211. 
79-27. 
79-28. 
79-29. 
79-30. 


Average 


79-31. 
79-32. 
79-:S3. 
79-34. 
79-3.S. 


7V>-37. 
79- 3A. 

7«»-;w. 

79-10. 


74.0  I 
71.5 

70.5  I 
71.6 
71.0  I 
71.6, 
71.2 
69.0  , 
74.8  1 
69.8  I 

71.5 

70.5 

71.6  I 
71.2  , 

70.7  I 

71.6  I 

69.8  ! 

70.7  ; 
71.0  ! 
70.7  I 
70.7  ■ 


70.7 
70.7 
69.8  , 
69.8  . 
70.0  , 
68.0 
68.0  I 
69.8 
71.5  I 
69.8 


AviTjige . 


79-41. 
71M2. 
79-43. 
79-44. 
79-45. 
79-46. 
79-47. 
79-48. 
79-49. 
79-50. 


67.6 

59.0 

53.2 

59.3 

66.2 

64.1 

66.5 

66.2 

51.4  , 

69.4  i 


Average 65. 2  |      62. 3  I 


70.0  ! 
tW.O  , 
68.0  1 

69.0  1 
59.7  j 
67.6  I 
68.9  i 
66.2 

67.2  . 

67.3  . 

54.3 
68.2 
68.0 
52.0 
73.4 
68.0 
64.4 
59.2 
70.7 
70.5 

64.9 

70.0 
62.6 
63.0 
69.8 
70.4 
(>K.9 
68.4 
68.0 
70.0 
70.0 


9. 8         68. 1 


6S.0  64.4  , 

,  69.8  64.4  I 

6M.0  (W.O  I 

i  68. 0  62.  r, 

,  tW.O  64.4  I 

I  71.6  71.6  i 

68.0  64.4  I 

;  69.8  i      66.2 

'  68.0  67.1 

1  69. 8  59. 0 

Average 68.9  65.2  I 


Water 

Tensile  strength  (pounds  per  square  i 

Inch.) 

(per 
cent). 

1 

7 

28 

90 

180 

day. 

days. 

days. 

days. 

days. 

days. 

21.6 

417 

777 

870 

912 

949 

» 

21.5 

294 

650 

917 

978 

863 

50 

21.5 

278 

698 

851 

977 

962 

711 

21.5 

330 

788 

890 

984 

911 

m 

21.5 

282 

803 

697 

1.006 

959 

m 

21.5 

326 

767 

861 

1.000 

902 

m 

21.5 

805 

814 

8a5 

948 

869 

m 

21.5 

368 

813 

881 

990 

8n 

6tt 

21.5 

848 

761 

828 

967 

897 

M 

20.5 

438 

847 

916 

962 

979 

en 

21.4 

339 

7r2 

846 

966 

915 

M 

20.5 

500 

733 

852 

956 

996 

71i 

20.5 

472 

788 

864 

058 

981 

m 

20.5 

456 

772 

897 

965 

867 

in 

20.5 

422 

843 

790 

1,018 

833 

7U 

20.5 

879 

769 

887 

818 

avi 

m 

20.5 

461 

821 

886 

817 

865 

m 

20.5 

582 

810 

949 

918 

H49 

w 

20.5 

525 

828 

962 

906 

942 

m 

20.5 

374 

828 

954 

811 

927 

m 

20.5 

392 

749 

859 

967 

823 

8ft 

20.5 

451 

798 

892 

913 

888 

771 

20.5 

433 

806 

914 

909 

860 

7tt 

20.5 

517 

822 

954 

968 

869 

TH 

20.5 

560 

949 

987 

928 

842 

815 

20.5 

427 

790 

909 

912 

665 

8S 

20.5 

5(W 

766 

831 

890 

778 

8a 

20.5 

516 

778 

948 

948 

788 

756 

20.5 

577 

757 

922 

958 

727 

815 

20.5 

577 

707 

989 

990 

762 

7W 

20.5 

483 

803 

798 

899 

705 

7» 

20.5 

539 

774 

748 

908 

736 

811 

20.5 

513 

795 

895 

980 

767 

ao 

20.5 

W2 

837 

904 

907 

945 

827 

20.5 

500 

803 

890 

921 

827 

9S7 

20.5 

506 

738 

693 

860 

886 

iGS 

20.5 

522 

697 

780 

972 

860 

m 

20.5 

293 

927 

886 

829 

844 

8U 

20.5 

506 

808 

923 

927 

778 

m 

20.5 

877 

660 

963 

960 

924 

m 

20.5 

396 

745 

838 

856 

708 

m 

20.5 

521 

?25 

H94 

925 

86] 

815 

20.5 

398 

761 

948 

966 

764 

816 

20.5 

45^: 

770 

867 

911 

814 

7M 

20.5 

321 

720 

909 

758 

718 

8a 

20.5 

309 

787 

864 

872 

660 

864 

20.5 

371 

789 

936 

867 

815 

m 

20.5 

447 

(V41 

9?2 

825 

776 

806 

20.5 

*'>! 

761 

903 

938 

772 

8tt 

20.5 

521 

817 

903 

828 

848 

80 

20.5 

452 

800 

851 

747 

719 

m 

20.5 

498 

K>1 

&S4 

884 

778 

na 

20.5 

5S:{ 

K.53 

924 

745 

796 

8N 

20. 5 

427 

899 

944 

948 

82S 

m 

20.5 

423 

792 

906 

886 

771 

860 
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nia. —  TerutiU  Mrenffth  of  ti/pical  Portland  cement  used  in  mortar  tests — Cont'd. 


.efftrter  No. 


-78.6 ; 


I 


Ti.b  I 
76.5 


Temperature 

Water 

(per 

(Vater. 

Air. 

cent). 

69.8 

62.0 

20.6 

69.8 

08.0 

20.5 

69.8 

66.2 

20.6 

69.8 

72.5 

20.6 

69.8 

68.0 

20.5 

71.6 

64.2 

20.5 

71.6 

64.2 

20.5 

69.8 

65.4 

20.5 

70.3 

66.7 

20.5 

63.0 

67.1 

20.5 

68.0 

78.8 

20.5 

68.9 

67.1 

20.5 

69.8 

78.8 

20.5 

69.8 

M.O 

20.5 

68.0 

66.2 

20.5 

71.6 

71.6 

20.5 

68.4 

70.5 

20.5 

78.8 

82.4 

78.8 

77.0 

20.5 

77.9 

74.3 

Tensile  .ntren^th  (pounds  per  square  inch). 


20.6 
20.5 


1 
day. 


494 
610 
509 
514 
637 
536 
488 
466 

807 


425  I 

491 

487  i 

329 

476 

487 

433  I 
I 
467  I 
377 
480  , 
418  I 

436  ! 


7 

28 

90 

days. 

days. 

days. 

819 

861 

827 

862 

762 

887 

624 

723 

765 

867 

731 

780 

848 

733 

812 

835 

804 

667 

757 

803 

888 

672 

728 

815 

784 

767 

798 

708 

867 

837 

684 

784 

769 

748 

787 

826 

725 

815 

716 

764 

749 

677 

768 

772 

862 

780 

798 

834 

•   740 

796 

789 

740 

690 

652 

816 

794 

819 

788 

831 

744 

789 

960 
971 
886 
862 

920 


iprcftsire  Htrength. — ^The  results  of  the  compression  tests  are 
in  Table  VII6,  each  value  being  the  average  of  three  tests. 
f)regoiiig  remarks  with  regard  to  storage  apply  equally  well  to 
amples  used  in  the  compression  tests.  The  variation  in 
th  of  the  compressive-test  pieces  with  age  is  shown  in  fig  7 
•)•  each  of  the  separate  averages  being  represented  by  an  iiidi- 
I  curve.  These  curves  are  less  uniform  than  those  shown  in 
(p.  20). 

.E  Wlh. — Compressive  strength  of  tiipicnl  Portland  cement  used  in  mortar  tests. 


Temperature 


Lt^iKter  No. 


imperat^ 


Water. 


69.0 

74.8 

69.8 

71.6 

70.0 

69.6 

70.5 

71.6 

...: 71.2 

70.7 

ri- 70.9 

73.4 

68.0 

68.0 

70.7 

69.8 

70. 7 

70.2 

6«.0 

I  69.8 

69.8 

pe I  69.8 


Water 

( per 

Air.-    ^'^°^) 


68.7 
66.2 
67.6 
56.0 
64.4 
60.3 
54.3 
68.2 
68.0 
62.0 

62.6 

57.2 
60.8 
73.4 
69.0 
70.0 
70.0 
69.8 
66.2 
66. 2 

ri.o 

67.6 


21. 
21. 
21. 
21. 
21. 
21. 
21. 
21. 
21. 
20. 


20. 
20. 
20. 
20. 
20. 
20. 
2U. 
20. 
20. 
20. 


Comprejwivo  streng^th  (jwunds  perwiuure  inch). 

7 
days. 


1 
day. 


2S 
(lavs. 


90 
days. 


180 
days. 


300 
day.s. 


1,946 
!,479  I 
89<>  ' 
635 
04H  I 
915 
001 
203 

;«7 

344 


8.2?^ 
8.C71 
7.»i96 
8,  (k)7 
7,1(6 
6,707 
7..V)1 
7,071 
6, 77S 
7,2:w 

1,783       7,577 


2. 58<> 
3,041 
2.85r>  , 
3. 075 
3, 0^3 
3.210 
3.  :Vil 
3. 720 
3.  HS5 
3.848 


10.068 
10.033 
11.475 
10. 5;« 
9.714 
8.300 
9.724 
10.813 
11,245 
9,892 

10.280 


11,409 

10. 716 

11,793 

I  11,129 

11.861 

I  11,402 

I  12,730 

'  12.489 

I  11.143 

13,308 

I  11,804 


12.792  I 
i  1*^774  , 
,  12.658 
I  14,392 

13.073 
I  12.671 
I  12,000 
I  12,473 
I  11.917  I 
I  14,289  I 

,  12,901 


717 

S95  ' 
MM  I 
<>H8  ' 
240  1 

107 

428  I 

8:js 
000 


10. 

10,2:^2 
9. 570 
9.010 
9.  S70 
9.111 


14.0(>4 
16. 28<l 
13. 184 
14,098 
12. 422 
14,113 
12. ys2 
ll.oKi 
11,:«3 
14,418 

13,50H 


3,2r>8   7,496  .  9,587 


9,132  I  11,812  I  14.IHL.  12,5H3 

S.2S4   11,220  1^  .-^  13.014 

8,099  I  12.738  :  1].^:'>-  13,218 

10,761  i  12,008  I  13  '»;'h  14.007 

10,573  I  12.0H4  ,  l.i.'.iJ  12,320 

12.44H  '  1  s  1  .  14,743 

11.246  ,  '.'  "j;^  14.243 

13.890   Jii.^s  12,045 

12,090  I  y:,\in  11.841 

10.9t;3  I  11.  1<>1  13,251 

12,113  I  12,670  13.127 


7t»-ji.. ...,.,  m.h 

79-1^1 70.7 

7^1& V. 73.4 

79-J4. ,..  70.7 

7^2-=! ...,,  <ai.9 

79^2^ 7D.7 

79^27  *.. ^**  W'7 

7B-a* i]».V 

AVlTHKf 7t).rt 

7!^^ 70.7 

TtMS 70.a 

19-m e«.o 

7*-JS7 .„-  ea.f* 

TIJ^BH ,......, iSK.O 

i9-!S!*...- fiS-S 

7MW.... .-^ .^^  n,ft 

Averairt^ , .,,...  69.7 

7m mo 

TlMi. .-.,,.-  6W.0 

71M3..... - W,4 

7S-41 .„,. ...,.,..  fttS.O 

71M.'* tlft-O 

,..  tw.o 

71MT.,.....-- tJfl-H 

71MH..... »W.8 

7tt-4l»,...,  -,-.. fi^.O 

TV-w........ en,» 

ATi'infrr .  - *»B.  1 

TIMil fW.  N 

79-aa ,H, .*.,... tiB.I? 

Ttt^-rf..!..- (^,« 

?IIhM.,. „ m.n 

T^NW* , flw.H 

n^M 71. e 

T^'-iT. 

Aviinqci' e».e 

iKi-:* tSkft 

iai-;i_ ......  t(7.i 

1S3-17. flH.li 

133-'^1 , ,  „ ,   . . , , .  htt,  M 

133-23 »l«  9 

isaart.^... ,_..  e^^i 

I3;wu. 71,  ♦! 

AviTHj:c ,...,....  ^..,  <W,4 

I3r>-1... ,.,_ ,._.  rtM.O 

iaft-5.,, .,,.,  7H,i* 

U1-U 7fi.Ri 

13fi-a).... 77.9 

lav^ -. 7lt.H 

IS.V2J W.H 

la-V^Ti.,,... TH.fl 

ia.vjfi..  „..,.. .^  in.w 

Avi*rm:i* .— ,* 77. 3 
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Trafi^r{*rse  strength. — The  results  of  the  transverse  tasts  ai-e  given 
n  Table  VII^,  each  value  l)eing  the  average  of  three  tests.  The 
alues  in  the  table  are  the  moduli  of  rupture  computed  from  the 

treaking  load  at  the  center  by  means  of  the  formula  s=M?.     The 
esults  given  in  this  table  are  shown  graphically  in  fig.  8.     These 
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<'urTe8  nhowini?  Tariation  of  compreRsIve  strength  with  ase  of  typical  Tortlaml 

cement. 


iirves  seem  to  indicate  that  the  strength  increases  to  90  days,  remains 
nictically  constant  to  180  days,  and  then  decreases  slightly  to  :^(*>0 
ays.  When  the  first  transverse  test  pieces  were  made  the  cement 
ad  l)een  stored  al^out  a  year,  and  a  period  of  about  five  months  had 
la|)>ed  between  the  molding  of  the  first  and  the  last  test  pieces. 
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llc^Ihttuverae  iirength  rf  tjfpioal  Portland  cement  U9ed  in  moHar  UMb, 
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Tablk  Xllr. — Transoerse  Jftrengih  €f  typical  Pofiiand  c^mejd  uted  w  fnof^or  fte<*— s^m 
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Laptte  of  time  between  first  and  last  molding. — ^Th©  tenj«ion-  and 
comprpHsi  on -test  pieces  of  typical  Portland  cement  wen*  maile  ti 
ubout  tht*  Hjune  time,  the  fir^t  mix  being  exhausted  before  the  tran.^ 
verse  mohjs  arrived  at  the  laboratories.  While  the  trtttii^ver^-tei^ 
jjieces  xvere  being  niade^  the  j^econd,  third,  and  fourth  mixas  were  uM^d* 
and  part  of  these,  as  well  as  a  portion  of  the  fifth  mixturt**  were  n^^ 
in  molding  the  trans  verse -test  pieces.  As  far  as  can  be  sieeu  fnnn  the 
results  there  wrLs  no  appreciable  difference  in  the  QUal^ttluii  the 
cements  in  the  different  niistun?^. 


SANDS   AND    SAND    MORTAES^ 


ACKNO\\XEDGMENT  OF  DONATIONS. 


"¥ 


Tn  the  investigations  i*eported  in  this  bulletin  22  sands  wiera  used. 
They  were  generously  donated  by  the  following  firms  and  companies : 

American  Sand  and  (Sravel  Company,  Chicago,  111. 

Bnckoyo  Dnnlj^inp  Comi>aiiy,  Columbus,  Ohla 

William  I*.  Carmichaol,  Attica,  Iiid. 

Flominj:  &  Co.,  Cincinnati,  Oliio. 

C.  H.  Little  &  Co.,  IK^troIt.  Micli. 

Miami  Sand  and  Gravel  Company,  liOveland,  Ohio. 

Mound  City  Gravel  and  Cement  Comi>any,  MoseUe,  Ma 

Olilo  and  Mirhipin  (travel  and  Sand  Company,  Ghllaon,  Mich. 

Stewart  Peck  Sand  Comimny,  Kanstis  City,  Mo. 

ToltHlo  Stone  and  Glass  Sand  (^miinuiy,  Toledo,  Ohio. 

T'nion  Sand  and  Material  Company,  St.  Louis,  Mo. 

R.  .7.  Ware  &  Sons,  Cincinnati,  Ohio. 

METHOD  OF  COIXECTION. 

In  almost  every  case,  in  order  to  insure  the  collection  of  a  typical 
sample  of  any  sand,  a  special  representative  of  the  laboratories  vis- 
ited the  deposit  and  personally  supervised  its  collection  and  shipment 
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Samples  were  shipped  in  double  sacks,  the  inner  of  which  was  a  dose- 
textured  grain  bag,  and  the  outer  a  coarse  bag  of  burlap.  This  pre- 
caution was  taken  in  order  to  eliminate  as  far  as  possible  the  possi- 
bility of  losing  any  part  of  the  fine  material.  A  complete  descrip- 
tion of  each  sample  of  sand  is  given  in  the  following  pages;  also 
illustrations  from  photographs.  All  the  sands  were  subjected  to  the 
usual  physical  tests  and  were  mixed  with  typical  Portland  cement  to 
make  mortar  test  pieces. 

DESCSIPnONS  OF  SANDS. 

Register  No.  Sd.  1. — A  recent  river  sand,  designated  Sd.  1,  was 
pumped  from  the  Missouri  Siver  channel  at  Kansas  City,  Mo.,  and 
discharged  upon  scows,  in  which  it  was  transported  to  Kansas  City. 
An  endeavor  was  made  to  {Hxxnire  the  sand  in  its  original  condition, 
so  as  to  determine  the  proportion  of  silt  and  its  consequent  effect  on 
mortars  in  which  the  sand  was  used;  but  this  was  found  practically 
impossible,  as  a  large  amount  of  the  silt  was  washed  away  in  pump- 
ing, and  when  received  at  the  laboratories  the  determination  showed 
only  0.2  per  cent  of  silt    While  this  does  not  indicate  the  amount  of 
silt  present  in  the  original  sand,  it  does  show  the  condition  of  the  sand 
i      marketed.    It  is  reported  to  be  used  for  all  purposes  except  that  it 
1      is  unsuited  for  finishing  work  because  of  a  tendency  to  check  or 
p«*l  off. 

An  examination  of  the  granularmetric  analysis  curve  (fig.  10,  p. 
4h)  pixjves  this  material  to  be  one  of  the  "  finest"  sands  received  at 
the  laboratories.  The  physical  properties  of  this  and  other  sands  and 
xTwnings  are  shown  in  Table  VIII  (p.  59).  The  percentage  of 
voids  is  32.5;  the  weight  per  cubic  foot  is  109.3  pounds;  and  the 
yield  in  1 : 3  mortar  is  1.18.  The  results  of  the  strength  tests  of  mor- 
tars made  by  the  use  of  one  part  of  typical  Portland  cement  to  3 
parts,  to  4  parts,  and  to  3  paHs  sifted  to  30-40  size  of  this  and  21 
<>ther  sands  are  given  in  Table  IX  (p.  62).  PL  I,  ^1,  illustrates  this 
stnd.  showing  the  material  in  its  actual  size,  great  care  having  been 
taken  to  procure  a  photograph  that  would  represent  as  nearly  as 
possible  the  grading  and  the  relative  -proportion  of  fine  and  coarse 
material. 

Register  No.  Sd.  2. — ^Another  recent  river  sand,  designated  Sd.  2, 
was  obtained  from  the  channel  of  Kansas  (Kaw)  River,  at  Armour- 
dale  (a  part  of  Kansas  City,  Kan^),  by  means  of  a  dredge  and  pump, 
and  discharged  into  a  scow. 

The  granularmetric  analysis  cnrve  (fig.  11,  p.  50)  indicates  that 
about  70  per  cent  passes  the  Na  20  sieve  and  about  15  per  cent  passes 
the  Xo.  40  sieve.  The  percentage  of  voids  is  34.9;  the  weight  per 
cubic  foot  is  107.7  ixwrnds;  there  is  only  a  trace  of  silt,  and  the  yield 
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in  1:3  mortar  is  1.12.  The  results  of  the  strength  tests  of  mortars 
made  from  this  sand  are  given  in  Table  IX  (p.  62).  This  sand  is 
illustrated  in  PL  I,  B. 

Register  No.  Sd.  3. — A  river  sand  designated  Sd.  3  was  obtained 
from  Sc'ioto  Kiver  at  Columbus,  Ohio,  by  means  of  an  endless-chain 
device  with  elevator  buckets.  The  material  was  dumped  upon  scows 
and  transferreil  to  cai*s  by  means  of  a  traveling  crane. 

The  granularmetric  analysis  curve  is  shown  in  fig.  12  (p.  62),  ami 
the  appearance  in  PI.  I,  (\  The  i^ercentage  of  voids  is  86.1:  the 
weight  per  cubic  foot  is  108.i^  pounds;  the  amount  of  silt  is  4.2  i)er 
cent,  and  the  yield  in  1 :8  mortar  is  1.09.  The  results  of  the  strength 
tests  of  mortars  made  from  this  sand  aiv  given  in  Table  IX  (p.  rd). 

Reghtvr  No,  Sd,  4- — Sand  designated  8d.  4  was  obtained  from  a 
gravel  bank  of  glacial  origin  located  at  Symmes,  Ohio.  The  mate- 
rial, consisting  of  sand,  gravel,  and  bow^lders,  was  excavated  from  a 
bank  about  000  feet  long  by  means  of  a  steam  shovel.  After  excava- 
tion it  was  passeil  through  a  crusher,  following  which  it  was  screened 
and   washed. 

An  inspection  of  the  granularmetric  analysis  curve  (fig.  18,  p.  54), 
indicates  that  this  is  next  to  the  coai-sest  and  most  uniformly  graded 
of  the  '22  sands  herein  described.  Only  1^2  per  c»ent  passed  the  No.  20 
sieve.  The  ap]>earance  is  shown  in  PI.  II,  A.  The  percentage  of 
voids  is  2vS:  the  weight  per  cubic  foot  is  110.4  pounds;  the  amount  of 
silt  is  1.4  ])er  cent,  and  the  yield  in  1:JJ  mortar  is  1.14.  The  results 
of  the  strength  tests  of  mortal's  made  from  this  sand  are  given  in 
Tabic  IX  (p.  02). 

liefjuUr  No,  Sd,  o, — A  river  sand  designated  Sd.  6  consisted  of 
a  mixture  of  sand  and  gravel  excavated  from  the  Ohio  River  shore 
near  Cincinnati  by  means  of  a  centrifugal  pump.  The  material  was 
discharged  into  barges,  from  which  it  was  loaded  into  wagons  for 
distribution  throughout  the  city.  The  bank  that  was  worked  ex- 
tended for  a  distance  of  500  feet  along  the  Ohio  River  shore.  After 
being  taken  from  the  river  the  sand  w^as  passed  through  a  J-inch 
sc*recn  and  washed. 

The  grading  of  this  sand  is  somewhat  irregular,  as  shown  by  the 
granularmetric  analysis  curve  in  fig.  11  (]),  50)  and  the  appearance 
in  PI.  II,  //.  The  percentage  of  voids  is  34.0:  the  weight  per  cubic 
foot  is  l()4.s  ])oun(ls:  a  trace  only  of  silt  is  present,  and  the  yield  in 
i:*^  mortar  is  1.11.  The  results  of  the  stivngth  tests  of  mortars 
made  from  this  sand  arc  given  in  Tabic  IX  (p.  02). 

Reifififer  N(f,  Sd.  (J, — The  sample  designated  Sd.  0  is  a  bank  sand, 
a  glacial  deposit  near  Fox  Kiver,  and  was  excavated  by  tram  and 
bucket  from  the  sand  pit  at  St.  Charles,  111. 

As  shown  by  the  granularmetric  aiudysis  curve  (fig.  11,  p.  50). 
this  .sand  is  rather  fine,  08  per  cent  passing  the  No.  20  sieve.     The 
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itage  of  voids  is  31.6;  the  weight  per  cubic  foot  is  113.5 
Is;  the  amount  of  silt  is  0.53  per  cent;  and  the  yield  in  1:3 
r  is  1.14.  The  results  of  tests  of  mortars  made  from  this  sand 
ven  in  Table  IX  (p.  62)  and  the  appearance  is  shown  in  PI. 


D/AMETER  OF  PARTiCLES  tN  INCHES,  WITH  NUMBERS  Of  SIEVES 


— Granularmetrtc  analysts  curves  for  sands  15.  21,  17.  and  10.  Results  for  sieves 
10.  20,  30,  40.  50,  80.  and  100  shown  by  solid  lines ;  for  Perot's  two-sieve  method 
roken  lines ;  uniform-grade  lines  shown  by  dots  and  dashes. 

^ister  No,  Sd.  7. — The  sample  designated  Sd.  7  was  obtained  by 
s  of  a  tram  and  bucket  from  a  glacial  deposit  of  indefinite  extent 
Fox  River  at  Carpenterville,  111. 

indicated  by  the  granularmetric  analysis  curve  (fig.  10,  p.  48) 
he  appearance  (PL  III,  4),  this  sand  contains  a  large  amour* ^ 
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of  fine  material,  77  per  (*ent  passing  the  No.  20  sieve.  The  per- 
centage of  voids  is  31.0;  the  weight  per  cubic  foot  is  116  pounds;  the 
amount  of  silt  is  1.2  per  cent;  and  the  yield  in  1:8  mortar  is  1.33. 
The  results  of  the  strength  tests  of  mortars  made  from  this  sand  are 
given  in  Table  IX  (p.  62). 

Register  No,  Sd.  8. — Material  designated  Sd.  8  is  bank  sand  from  a 
portion  of  a  glacial  deposit  along  Fox  River  in  the  vicinily  of  Algon- 
quin, 11].,  and  was  excavated  by  means  of  tram  and  bucket. 

As  shown  by  the  granularmetric  analysis  curve  (fig.  18,  p.  54) 
this  sand  is  somewhat  coarser  than  the  average,  but  it  IB  very  uni- 
formly graded,  and  only  46  per  cent  passed. the  Na  20  sieve.  The 
I)ercentage  of  voids  is  30.7 ;  the  weight  per  cubic  foot  is  114.5  pounds; 
the  amount  of  silt  is  1.3  per  cent ;  and  the  yield  in  1 : 8  mortar  is  1.10. 
The  results  of  the  strength  tests  of  mortars  made  from  this  sand  are 
given  in  Table  IX  (p.  62).  This  sand  is  illustrated  in  PL  III,  B. 
The  pivsence  of  particles  from  the  smallest  up  to  the  ^inch  size 
indicates  to  the  eye  the  uniform  grading. 

Regiftfer  Xo.  Sd.  9. — The  sample  designated  Sd.  9  was  taken  by 
means  of  a  dredge  from  a  glacial  deposit  along  Desplaines  Biver  at 
Ijibertyville,  111. 

As  indicated  by  the  granularmetric  analysis  curve  for  this  sand 
(fig.  12,  p.  52),  it  is  very  uniformly  graded,  and  only  about  50  per 
cent  passes  the  No.  20  sieve.  The  percentage  of  voids  is  81.4;  the 
weight  per  cubic  foot  is  110.5  pounds;  the  amount  of  silt  is  2.6  per 
cent;  and  tlie  yield  in  1 : 3  mortar  is  1.16.  The  particles  of  this  sand 
are  so  soft  that  they  can  easily  be  crushed  between.the  fingers.  The 
uniform  grading  of  this  sand  indicates  that  the  strength  of  the 
mortar  should  be  liigh;  but,  evidently  owing  to  the  character  of  the 
sand,  this  ex])ectation  was  not  borne  out  in  the  tests.  This  sand  is 
illustrated  in  PI.  Ill,  C\  The  uniform  grading  is  clearly  apparent. 
The  n»sul(s  of  the  strength  tests  of  mortars  made  from  this  sand  are 
given  in  Table  IX  (p.  (52). 

Register  Xo,  /Sd,  JO, — The  sample  designated  Sd.  10  is  a  mixture  of 
out  wash  glacial  and  alluvial  deposit.s  from  a  bank  located  in  Kenton 
County,  Ky.  The  working  was  about  GOO  feet  long  by  70  feet  wide, 
and  the  sand  was  shipjxMl  to  the  vicinity  of  Cincinnati,  Ohio.  The 
face  of  the  bank  ahead  of  the  work  had  a  peculiar  appearance,  on 
account  of  the  arrangement  of  the  strata.  The  layer  of  sand  that  was 
excavated  was  covered  by  a  4- foot  layer  of  moldy  sand  and  a  10- foot 
layer  of  gravel. 

As  indicated  by  the  granularmetric  analysis  curve  (fig.  9,  p.  46), 
this  sand  ccmtains  a  large  amount  of  fine  material,  9  per  cent  passing 
the  No.  80  sieve  and  about  82  per  cent  passing  the  No.  20  sieve.  The 
percentage  of  voids  is  31.G;  the  weight  per  cubic  foot  is  110  pounds; 
the  amount  of  silt  is  2.1  per  cent ;  and  the  yield  in  1 : 3  mortar  is  1.18. 
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In  the  illustration  of  this  sand  (PL  lY,  A  )  the  small  amount  of  large 
material  and  the  large  amount  of  smaller  particles  present  can  be 
clearly  seen.  The  results  of  the  strength  tests  of  mortars  made  from 
this  sand  are  given  in  Table  IX  (p.  62). 

ReffUter  No.  8d.  11. — ^Material  designated  Sd.  11  is  a  mixture  of 
washed  magnesian  limestone  crusher  screenings  and  a  washed  glass 
sand.  The  limestone  is  from  the  Monroe  formation  (Silurian)  and 
was  removed  by  the  open-face  method,  dynamite  being  used  for  blast- 
ing and  compressed  air  for  drilling.  The  sand  (Sylvania  sandstone) 
is  found  between  two  limestone  beds  in  the  quarry.  The  working  face 
is  about  2,500  feet  long  and  about  80  feet  high.  This  quarry  was 
operated  by  an  elaborate  gravity  system.  The  material  was  marketed 
in  Detroit,  Mich.,  and  in  Toledo  and  Cleveland,  Ohio,  in  three  grades, 
viz^  coarse,  medium,  and  fine,  sand  11  being  the  medium  grade. 

According  to  the  granularmetric  analysis  curve  (fig.  12,  p.  52),  this 
mixture  of  sand  and  limestone  is  shown  to  be  very  uniformly  graded, 
and  46  per  cent  passes  the  No.  20  sieve.  The  sample  is  illustrated  in 
PL  IV,  B.  The  amount  of  voids  is  86  per  cent;  the  weight  per  cubic 
foot  is  110  pounds;  the  amount  of  silt  is  3.4  per  cent;  and  the  yield  in 
1 :  3  mortar  is  1.13.  The  results  of  the  strength  tests  of  mortars  made 
from  this  mixture  are  given  in  Table  IX  (p.  62). 

Register  No.  Sd.  IS.— The  sample  designated  Sd.  12  is  the  finest 
^rrade  prepared  in  the  manner  describcKi  for  Sd.  11. 

A-s  shown  by  the  granularmetric  analysis  curve  (fig.  13,  p.  54) 
and  the  illustration  from  photograph  (PL  IV,  C),  this  sand  is  very 
uniformly  graded;  and  41  per  cent  passes  the  No.  20  sieve.  The  per- 
c-*?nta^  of  voids  is  35.5;  the  weight  per  cubic  foot  is  106.5  pounds; 
the  amount  of  silt  is  4.7  per  cent;  and  the  yield  in  1 : 3  mortar  is  1.12, 
which  is  practically  the  same  as  that  of  Sd.  11.  The  results  of  the 
strength  tests  of  mortars  made  from  this  mixture  are  given  in  Table 
IX  (  p.  62). 

RefjUter  No.  Sd.  13.— -The  sample  designated  Sd.  13  is  a  washed 
-and  of  glacial  origin,  containing  particles  up  to  one-eighth  inch  in 
diameter.  It  was  excavated  by  means  of  a  steam  shovel  from  a  bank 
TkOOO  feet  long  and  300  feet  wide  at  Chilson,  Mich.,  and  was  being 
>hip|HHl  to  Toledo,  Ohio. 

As  indicated  by  the  granularmetric  analysis  curve  (fig.  13,  p.  54), 
this  is  one  of  the  most  uniformly  graded  sands  used  in  these  investi- 
gations; and  38  per  cent  passes  the  No.  20  sieve.  The  appearance  is 
?^hown  in  PI.  V,  A.  The  percentage  of  voids  is  28.9;  the  weight  i>er 
cubic  foot  is  119.5  pounds;  the  amount  of  silt  is  0.3  per  cent;  and  the 
vielil  in  1:3  mortar  is  1.21.  The  results  of  the  tests  on  mortars  made 
fnmi  this  mixture  are  given  in  Table  IX  (p.  62). 

Register  No.  Sd.  H. — ^The  sample  designated  Sd.  14  was  removed 
from  the  north  channel  of  St.  Clair  Kiver  by  means  of  a  centrifugal 
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pump,  after  which  it  was  sci*eened  and  loaded  in  scows  for  delivery  to 
Detroit. 

As  indicated  by  the  granulamietric  analysis  curve  (fig.  10)  and 
the.ilhistratiou  from  a  photograph  (PL  V,  B),  this  sand  has  a 
large  amount  of  small  grains,  71  per  cent  passing  the  Na  SO  sieve. 


fOO 


DIAMETER  OF PART/CLES  IN  /NCHES,  kV/TH  NUMBERS  OfS/£V£S 

Via.  10. — (irnnnlarniotrlo  nnnlyniR  curves  for  snnds  1.  IS,  14.  and  7.  Results  for  sieve 
Nos.  10.  I'O.  HO.  4(».  r>o.  s().  and  10()  shown  by  Holld  llnoH ;  for  Kerct'a  two-sieve  metho 
by  broken  linos  ;  unlforni-jjrado  linos  shown  by  dots  and  daslios. 

The  percentage  of  voids  is  31.J>:  the  weight  jxm'  cubic  foot  is  11 
pounds;  the  amount  of  sih  is  2  per  wnt :  and  the  yield  in  1 :3  morta 
is  l.li).  The  results  of  the  strength  tests  of  mortal's  made  from  thi 
sand  ain?  given  in  Table  IX  (p.  02). 
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Re€fwt€T  No.  Sd.  15, — The  smmple  dcs^ijrntitpd  Stl,  15  is  a  yer>'  fine 
sand,  extetis^i%^ely  iii=*(*d  as  a  finishing  i>and  for  Hidt*\vulks  and  concrete 
blocks.  It  was  t^aken  from  St,  Clair  River  by  n leans  of  a  centrifugal 
pump,  loaded  in  scows  and  transported  to  Detroit. 

According  to  the  gnmularmetric  analysis  nirve  (fig.  D,  p.  45) 
this  sand  is  the  finest  of  the  22  sands  herein  described,  THj  per  cent 
passing  the  No.  20  sieve  and  85  per  cent  passing  the  No.  40  sieve. 
The  percentage  of  voids  is  40,ij;  the  weight  per  cubic  foot  in  95 
tx)nnds;  the  amount  of  silt  is  2  per  cent,  and  the  yield  in  1:3 
mortar  is  1-13,  The  results  of  the  strength  tests  of  mortars  made 
from  this  sand  are  given  in  Table  IX  (p,  02).  PI.  V,  ^^  shinvs  that 
tht're  is  only  an  ocf*asional  large  particle  in  the  sand^  the  great  mass 
<*f  die  particles  l>eing  exceedingly  J^mall, 

Register  No,  S(L  /tf.— The  sample  designated  Sd*  l(\  was  obtained  at 
tblieach  of  St.  Clair  River  near  Anilierstbiirg,  Ontario,  by  means  uf 
a  wtitriftigal  pump,  and  was  dumped  into  scows  and  towed  to 
D^trtjiL 

The  granularmetric  analysis  cui*\'e  of  this  sxind  is  shown  in  fig.  13 
(p,  54).  The  [percentage  of  voids  is  29.7;  the  weight  per  enbie  foot 
ia  119,5  pounds;  the  anjount  of  silt  is  0*2  per  cent,  and  the  yield  in  1 :  Jl 
mortar  is  1.20.  The  lusnlts  of  the  strength  tests  of  mortal's  made 
from  this  sand  are  given  in  Table  IX  {p.  t>2) .  Tlie  illustration  of  this 
sain  I  (PL  VI,  ^1 )  shows  that  the  material  is  very  uniformly  graded, 
particles  of  almost  all  sizes  being  in  sight. 

Register  No.  Sd.  17. — The  sample  designated  Sd.  17  was  excavated 
by  pick  and  shovel  from  a  rather  dirty  bank  of  glacial  material,  at 
Utica,  Mich.,  and  shipped  to  Detroit. 

According  to  the  granularmetric  analysis  curve  (fig.  9,  p.  45)  this 
is  a  very  fine  sand,  61  per  cent  passing  the  No.  40  sieve  and  83  per  cent 
passing  the  No.  20  sieve.  The  percentage  of  voids  is  34.5 ;  the  weight 
per  cubic  foot  is  105.5  pounds ;  the  amount  of  silt  is  3.4  per  cent,  and 
the  yield  in  1 : 3  mortar  is  1.27.  The  results  of  the  strength  tests  on 
mortars  made  from  this  sand  are  given  in  Table  IX  (p.  62).  The 
appearance  of  the  sand  is  shown  in  PI.  VI,  B. 

Register  No.  Sd.  18. — ^The  sample  designated  Sd.  18  was  screened 
from  a  gravel  of  glacial  origin  at  Attica,  Ind.  It  was  excavated 
from  the  bank  by  a  steam  shovel,  and  was  then  screened  into  several 
^izos  and  washed. 

According  to  the  granularmetric  analysis  curve  (fig.  10)  this  sand 
i^  rather  fine,  79  per  cent  passing  the  No.  20  sieve,  44  per  cent 
passing  the  No.  40  sieve,  and  14  per  cent  passing  the  No.  80  sieve. 
Its  appearance  is  shown  in  PI.  VI,  C.  The  percentage  of  voids  is 
•W;  the  weight  per  cubic  foot  is  106.5  pounds;  the  amount  of  silt 
present  is  3.9  per  cent,  and  the  yield  in*  1 : 3  mortar  is  1.15.    The 
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results  of  the  strength  tests  of  mortars  made  from  this  sand 
shown  in  Table  IX  (p.  62). 

lieijistev  Xo,  Sd.  19, — A  second  sample,  screened  from  the  s 
dei)osit  at  Attica,  Ind.,  was  designated  Sd.  19. 
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DIAMETER  OF  PARTICLES  IN  INCHES,  W/TH  NUMBERS  OF  S9CV& 

rn;.  11. — (irnnulnrmetric  analyslH  ourvcK  for  sandn  22,  0.  2,  and  5.  Results  for  il 
NoH.  10.  2o.  :;<).  4t».  r»n.  so.  uud  loo  shown  hy  hoIUI  IIuoh  :  for  Feret's  two-ilere  methot 
hrokt'n  lines ;  uiiifurm-grudo  Hues  shown  hy  dotM  and  daHhes. 

According  to  the  granularnietric  analysis  curve  (fig.  12,  p.  52)  ( 
material  is  viM-y  uniformly  gi-aded:  45  per  cent  passes  the  Xo. 
sieve,  *l\s  per  cent  passes  the  Xo.  :iO  sieve,  and  ^1  per  cent  passes 
Xo.  SO  sieve.     The  percentage  of  voids  is  2().9,  the  weight  per  cii 
foot  is  11J).9  pounds,  the  amount  of  silt  is  0.7  per  cent,  and  the  yi 
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in  1:3  mortar  is  1.19,  The  results  of  the  strength  tests  of  mortars 
made  from  this  ^and  are  i^hown  in  Table  IX  (p,  f>2),  This^  sand  is 
Ulu^t rated  in  PL  VII,  A*  The  comparatively  uniform  grading  is 
evident,  and  it  can  be  seen  that  the  sizes  range  uniformly  from  the 
kr^j'tr^t  down  to  the  smallest. 

Register  No.  Sit  SO.^Ji  third  sample^  frmn  the  same  bank  as  Sd.  18 
and  Sd.  19,  was  designated  Sd,  20. 

According  to  the  granuhmtietrir  analysis  curve  (fig.  12,  p.  62) 
this  sand  is  midway  between  a  fine  and  a  miiformly  coarse  sand,  50 
per  cent  passing  the  No.  20  sieve.  The  percentage  of  void  is  28;  the 
weight  per  cubic  foot  is  116.5  pounds;  the  amount  of  silt  is  1.3  per 
cent,  and  the  yield  in  1 : 3  mortar  is  1.16.  The  results  of  the  strength 
tests  of  mortars  made  from  this  sand  are  shown  in  Table  IX  (p.  62), 
and  the  sand  is  illustrated  in  PI.  VII,  B. 

Register  No.  Sd.  21. — ^The  sample  designated  Sd.  21  is  a  bar  sand 
from  Meramec  River  at  Moselle,  Mo. 

According  to  the  granularmetric  analysis  curve  (fig.  9,  p.  45)  this 
is  a  very  fine  sand,  82  per  cent  passing  the  No.  30  sieve  and  2  per  cent 
passing  the  No.  80  sieve.  A  large  amount  of  this  sand,  over  60 
per  cent,  is  of  approximately  one  size,  between  Nos.  30  and  50  sieves. 
This  may  be  seen  in  the  photograph  reproduced  in  PL  VII,  C.  The 
percentage  of  voids  is  40.9;  the  weight  per  cubic  foot  is  89  pounds; 
a  trace  only  of  silt  is  present,  and  the  yield  in  1:^  mortar  is  1.05. 
The  results  of  the  strength  tests  of  mortars  made  from  this  sand  are 
shown  in  Table  IX  (p.  62). 

Register  No.  Sd.  22. — A  sand  generously  donated  in  large  quan- 
tities by  a  St.  Louis  company  is  us^d  at  the  laboratories  wherever  a 
standard  sand  is  required  in  test^  not  involving  the  quality  of  the 
cement.  The  selection  was  influenced  (1)  by  the  physical  quality 
of  the  sand  and  (2)  by  the  facility  with  which  it  could  be  procured. 
It  is  designated  Sd.  22  and  is  a  recent  river  sand,  pumped  by  a 
suction  dredge  from  the  bed  of  Meramec  River  at  Drake,  Mo.,  about 
1.')  miles  from  the  laboratories.  The  dredge  deposits  the  material  in 
scows  which  convey  it  a  few  hundred  yards  to  the  screens  where  it 
is  elevated  by  means  of  a  clam-shell  bucket  and  washed  down  through 
a  series  of  screens,  which  separate  the  material  into  2-inch,  1-inch, 
i-inch,  coarse,  and  fine  sizes. 

The  granularmetric  analysis  curve  (fig.  11,  p.  50)  indicates  that 
it  lies  midway  between  the  coarse  and  the  fine  sands,  and  that  it  is 
unifomdy  graded;  93  per  cent  passes  the  No.  10  sieve,  69  per  cent 
passes  the  No.  20  sieve,  55  per  cent  passes  the  No.  30  sieve,  and  17 
per  cent  passes  the  No.  50  sieve.  The  percentage  of  voids  is  36.4 ;  the 
weight  per  cubic  foot  98.8  pounds;  there  is  only  a  trace  of  silt,  and 
the  yield  in  1 : 3  mortar  is  1.11.    The  results  of  the  strength  tests  of 
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mortars  made  from  this  sand  are  shown  in  Table  IX  (p.  62).    Thi' 
sand  is  ilhistrated  in  PL  VIII,  A. 

Standard  Ottatra  sand. — Sand  from  the  St  Peter  formation  a1 
Ottawa,  TIL,  sifted  to  20-80  size,  was  desif|:nated  standard  Ottawi 
sand.    That  the  grains  are  ahnost  all  of  the  same  size  can  readily  U 
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Fig.  12 — Crannlarmotric  anal.vRlR  curves  for  furnds  20.  3,  9.  11,  and  19.  Bffsalto  fc 
Kleves  Nos.  10,  IM),  .'{0,  40,  TiO,  KO,  and  KM)  Rhown  by  solid  Unfit;  for  FetcC'a  tw<KKl«v 
iiiothod  hy  brokcu  lines ;  unlform-Krade  lines  shown  by  dots  and  daihcfl. 

s«H»n  by  an  insi^ction  of  PL  VIII,  K.  This  is  a  standard  sand  used  ii 
invest igat ions  of  c(»ment  so  as  to  give  comparable  results.  The  result 
of  some  tests  of  1 : 3  mortar  made  from  this  sand  are  given  in  Table 
II  (p.  13),  IV  (p.  29),  and  VI  (p.  32). 
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PHYSICAL  TESTS  OF  SANDS. 

Method, — When  a  sample  of  sand  is  received  at  the  laboratories  it 
spread  on  a  concrete  floor  in  a  thin  layer  and  turned  at  frequent 
tervals  for  a  period  varying  from  a  few  hours  to  2  days,  until  it  is 
oroughly  air  dried.  The  temperature  of  the  room  in  which  the  air 
•ying  takes  place  is  maintained  at  about  70°  F. 
The  sands  (all  of  which  have  previously  passed  the  J-inch  screen) 
e  submitted  to  tests  for  granularmetric  composition,  percentage  of 
)i(ls,  specific  gravity,  weight  per  cubic  foot,  percentage  of  moisture, 
1(1  the  percentage  and  the  chemical  analysis  of  silt,  which  are  deter- 
ined  and  recorded  as  explained  in  Bulletin  No.  329.  The  results  of 
e  chemical  analyses  of  the  silts  are  given  in  Table  X  (p.  77),  and 
■  the  other  determinations  in  Table  VIII  (p.  59). 

GranHJannetrie  analyses. — The  set  of  sieves  for  the  granularmetric 
lalyses  comprises  those  with  10,  20,  30,  40,  50,  80, 100,  and  200  open- 
ly per  linear  inch.  A  sample  of  the  air-dried  material  is  placed 
1  the  upper  of  the  nest  of  sieves  and  shaken  for  15  minutes,  when  the 
•sidue  cm  each  sieve  and  the  material  passing  the  No.  200  sieve  are 
ei^'hed.  The  weight  of  material  retained  on  each  sieve  and  passing 
le  Xo.  200  sieve  is  divided  by  the  w^eight  of  the  original  sample  to 
nd  the  i)ercentages  retained  on  each  sieve  and  passing  the  No.  200 
eve.  These  percentages  are  given  in  Table  VIII  (p.  59).  Granu- 
rnietric  analysis  curves  are  also  drawn  for  purposes  of  comparison. 
Giaindarm^tHc  curves, — The  granularmetric  analysis  curves  are 
own  in  figs.  9-13,  the  ordinate  at  any  sieve  being  the  total  percent- 
re  that  passes  that  sieve,  and  not,  as  in  Table  VIII  (p.  59)  the  per- 
ntage  retained  by  the  sieve.  The  percentage  passing  any  sieve  is 
und  by  adding  together  the  percentages  retained  on  all  the  smaller 
?ves  and  that  passing  the  No.  200  sieve.  At  the  left-hand  side  of 
ch  curve  are  given  the  percentages,  and  at  the  bottom  of  each  figure 
e  diameters  of  the  particles  that  pass  the  different  sieves,  also  the 
imbers  of  the  standard  sieves  used  in  the  work.  Starting  at  the 
p  of  fig.  9  (p.  45)  with  the  curve  of  the  sand  (Sd.  15)  having  the 
"gest  amount  of  fine  material,  these  curves  are  arranged  in  con- 
'utive  order,  ending  at  the  bottom  of  fig.  13,  with  the  curve  of  the 
id  (Sd.  10)  having  the  largest  amount  of  coarse  material. 
The  granularmetric  analysis  curves,  as  determined  by  the  stand- 
[1  sieves  previously  referred  to,  are  given  in  full  lines.  .  In  order  to 
iistrate  the  difference  between  this  method  of  analysis  and  the  two- 
ve  method  proposed  by  M.  Feret,  the  curve  representing  the  analy- 

bv  the  latter  method  is  plotted  in  each  case  in  broken  lines.  The 
imeters  of  particles  that  would  pass  through  the  two  sieves  pro- 
sed by  Feret  are  approximately  0.0125  and  0.0465  inch.  There- 
re,  the  broken  lines  are  drawn  from  zero  to  the  point  at  which  the 
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full  granularmetric  analysis  line  crosses  the  ordinate 
ihence  to  the  point  at  which  the  full  granularmetric  ai 
crosses  the  ordinate  at  0.0465 ;  and  thence  to  100  per  cent  i 
0.25,  the  latter  being  off  the  diagram.  In  Feret^s  metha 
sieve  is  used,  but  in  the  investigations  reported  in  this  ba 
the  i-inch  screen  was  used,  the  line  is  drawn  in  this  way 
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Fi(}.  l.'i. — (iranularmetric  analyslR  curves  for  Bands  8,  \'2,  13,  4,  and  16. 
Hlcves  Nos.  10.  i!0.  »0.  40.  r>o.  ho.  and  loO  Hhown  by  aolid  lines;  for  Fe 
method  by  broken  linen ;  uniform -grade  lines  shown  by  dots  and  dashes. 

Bolow  the  two  curves  just  descril)ed  is  ^iven  the  uni: 
lino  in  dots  and  dashes.  Jt  can  \\q  seen  that  in  arrangin; 
finest  to  the  coarsest  sand  the  curves  liave  l)een  arranged  ii 
of  the  size  of  sc^gnient  included  between  the  ^ranularmeti 
curve  and  the  uniform-grade  line.    In  can  also  be  seen  t 
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segment  decreases  the  sand  gradually  becomes  coarser  and  approaches 
vniform  grading  more  nearly. 

Only  that  portion  of  each  curve  that  shows  the  variation  in  grad- 
ing under  the  No.  10  sieve,  and  for  a  short  distance  beyond  it,  is 
drawn  in  the  figures.  If  the  remainder  of  the  curves  were  drawn  ' 
there  would  simply  be  three  straight  lines  from  the  line  for  the  No. 
10  sieve  to  100  per  cent  at  a  diameter  of  0.25.  Instead  of  this,  the 
lines  to  the  right  of  the  No.  10  ordinate  are  given  the  proper  incli- 
nation and  the  remainder  is  omitted. 

Comparison  between  measured  and  computed  voids. — In  the  deter- 
mination of  the  percentage  of  voids  and  the  weight  per  cubic  foot, 
three  independent  determinations  were  made.  After  each  reading 
the  material  was  thoroughly  air  dried  for  the  next  test. 

On  account  of  the  great  difficulty  experienced  in  the  determination 
of  the  percentage  of  voids,  due  to  the  flexibility  in  compacting  the 
materiaK  and  to  the  contained  moisture,  great  care  was  required  in 
fliese  determinations.  Afterwards,  the  voids  were  computed  from 
the  specific  gravity  and  weight  per  cubic  foot. 

On  account  of  the  fact  that  different  methods  of  placing  the  mate- 
rial in  the  weighing  cylinder  result  in  different  degrees  of  compact- 
less,  a  uniform  method  of  handling  was  adopted.  This  consists  in 
illowing  the  material  to  fall  from  the  same  height  and  to  fill  the 
ylinder  in  a  certain  length  of  time. 

The  computed  and  measured  voids  are  given  in  Table  VIII  (p.  59). 
Che  computed  percentage  of  voids  for  any  sand  is  found  by  first 
aultiplying  the  specific  gravity  by  the  weight  of  a  cubic  foot  of  water, 
this  gives  the  product  "  X"  (column  10)  in  the  table,  which  is  the 
weight  of  a  solid  cubic  foot  of  the  material.  The  measured  weight 
ler  cubic  foot,  W,  is  then  divided  by  X  to  give  the  part  of  the  space 
ictually  occupied  by  the  sand  grains  (column  11).  The  difference 
between  this  quotient  and  one,  multiplied  by  100,  gives  the  computed 
percentage  of  voids. 

In  columns  14  and  15  of  the  table  are  given  the  differences  between 
Jie  measured  and  computed  values.  In  only  two  cases,  namely,  Sd.  7 
ind  Sd.  16,  are  the  measured  voids  an  appreciable  amount  greater 
iian  the  computed.  Almost  invariably  the  latter  is  the  greater,  but 
m  more  than  two-thirds  of  the  cases  the  difference  is  not  more  than  1 
[)er  cent.  From  the  line  marked  "Average  "  it  can  be  seen  that  the 
x>mputed  voids  are  0.8  per  cent  greater  than  the  measured. 

Uniformity  coe^icient. — It  is  frequently  necessary  to  draw  compari- 
lons  between  sands  composed  of  grains  of  different  sizes.  It  has  been 
jenerally  established  that  the  strength  quality  or  value  of  a  sand  may 
)e  indicated  by  ascertaining  whether  it  lies  in  the  coarse,  medium,  or 
ine  region,  and  it  is  important  to  determine  in  some  way  the  degree 
>f  coarseness  or  fineness.    One  method,  that  suggests  itself  is  to  sift 
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the  sand  through  the  eight  sieves  that  are  used  in  the  series  of  experi- 
ments under  description,  and  then  to  plot  the  granularmetric  analysis 
curve  as  has  l)een  done  in  this  report.  A  direct  comparison  can  then 
be  made  between  any  sands  whose  granularmetric  analyses  are  known. 
•Feret's  two-sieve  method  for  studying  properties  of  sands  has  been 
ali'eady  explained  (p.  53).  Another  method  of  studying  sands  is  by 
means  of  Hazen's  uniformity  coefficient. 

Hazen  suggested  a  factor  equal  to  the  ratio  of  the  diameter  of  one 
particle  (located  by  the  intersection  of  the  60  per  cent  abscissa  with 
the  granularmetric  analysis  curve)  to  the  diameter  of  another  particle 
(located  by  the  intersection  of  the  10  per  cent  abscissa  with  the 
curve) ;  the  size  of  the  latter  or  smaller  particles  he  terms  the  "  effect- 
ive size,"  and,  inasmuch  as  this  acts  in  the  captvcity  of  a  divisor,  its 
fluctuations  affect  the  uniformity  coefficient.  When  the  curves  show 
a  general  normal  alignment  through  the  two  points  mentioned 
above,  the  uniformity  coefficient  as  thus  obtained  is  a  fair  index  of 
the  relative  grading  of  the  sand. 

The  uniformity  coefficients  of  the  sand  studied  in  this  investigation 
are  arranged  progressively  in  decreasing  order  in  Table  XI  (p.  62). 
The  voids  of  each  sand  are  also  given  for  convenience  of  comparison. 
This  uniformity  coefficient  does  not  appear  to  indicate  the  quality 
of  a  sand  any  better  than  the  granularmetric  analysis  curves. 

PHYSICAL  TESTS  OF  SAND  MORTARS. 

Method, — Each  of  the  sands  described  in  the  pi^eceding  pages  was 
mixed  with  typical  Portland  cement  to  form  mortars  of  different 
proportions,  and  these  mortars  were  made  into  test  pieces  for  the 
tensile,  compressive,  and  transverse  tests.  Proportions  of  1:3  and 
1 : 4  were  used  in  every  case ;  in  many  other  cases  where  there  was 
sufficient  material  of  one  size  this  was  tested  as  a  1 : 3  one-size  mortar. 
VoY  each  sand  15  test  pieces  were  made  for  each  kind  of  stress,  and 
three  pieces  were  tested  at  each  of  the  five  ages,  7,  28,  90, 180,  and  360 
days. 

The  results  of  the  strength  tests  on  these  mortars,  including  the 
register  number,  the  yield  at  the  1 :  8  ratio,  the  register  number  of  the 
(•orresi)onding  typical  Portland  cement  test  pieces,  the  temperature 
(in  °F.)  of  the  water  and  of  the  air  at  the  time  of  molding,  the  per- 
centage of  water  used  for  normal  consistency,  and  the  breaking 
strengths  (in  pounds  per  square  inch)  at  different  ages  are  given  in 
Table  IX  (p.  62).  In  giving  the  results  of  tests  on  1:3  one-size 
mortar  the  size  to  which  the  sand  was  shifted  is  also  shown.  Table 
VIII  (  p.  59)  summarizes  data  respecting  the  field  origin  and  nature 
of  each  sand ;  and  the  average  physical  properties  are  given  in  Table 
XII  (p.  78). 
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The  yidd  of  1 : 3  mortar  was  determined  in  order  to  form  a  general 
basis  as  to  the  volume  of  mortar  derived  from  a  given  volume  of  sand 
when  mixed  with  cement  in  proportions  of  1:3  by  weight.  This 
value  is  obtained  by  dividing  the  volume  of  mortar  by  the  volume  of 
the  sand  before  mixing. 

The  results  of  the  strength  tests  on  neat  cement  test  pieces  made 
from  the  same  cement  used  in  the  mortars  are  given  in  Table  VII 
(p.  36)  and  are  plotted  in  figs.  6,  7,  and  8.  The  corresponding  cement 
numbers  found  in  the  left-hand  column  of  Table  VII.  are  also  given 
in  Table  IX  so  that  the  strength  of  the  mortar  can  be  compared  with 
the  strength  of  the  neat  cement  used  in  the  mortar. 

Tensile  strength. — ^The  results  of  the  tensile  tests  on  1 : 3,  on  1 : 4, 
and  on  1:3  one-size  sand  mortar  are  given  in  Table  IXa  (p.  62). 
The  results  are  arranged  in  groups  of  three,  and  the  average  of  each 
group  is  shown  in  the  line  marked  ^^ Average." 

The  lack  of  uniformity  in  the  increase  of  strength  is  probably  due 
to  physical  differences  in  the  sands.  In  general,  the  tensile  strength 
of  all  three  proportions  seems  to  decrease  with  the  increase  in  the 
voids.  An  increase  in  tensile  strength  is  also  noticeable  as  the  sands 
approach  uniform  grading. 

Compressive  strength. — The  results  of  the  compressive  tests  are 
given  in  Table  1X6  (p.  67).  The  values  in  this  table  are  in  poimds 
per  square  inch  and  are  obtained  by  dividing  the  total  breaking  load 
l>y  the  area  of  cross  section  of  a  2-inch  cube. 

Considering  these  tests  in  the  order  of  the  percentage  of  voids,  as 
arranged  under  tensile  strength,  we  see  that  the  strength  appears  to 
decrease  with  the  increase  of  voids.  The  strength  of  mortars  made 
from  sands  which  have  a  small  percentage  of  voids  is  in  every  case 
much  greater  than  that  of  mortars  made  from  sands  having  a  large 
percentage  of  voids.  The  difference  in  strengths  of  the  mortars  of 
different  proportions  is  also  greater  for  those  sands  that  have  small 
percentages  of  voids.  This  condition  is  the  same  as  that  noticed  in 
the  study  of  tensile  strength  and  indicates  that  the  greatest  coni- 
presive  strength  can  be  obtained  by  the  use  of  a  mortar  in  which  the 
sand  is  uniformly  graded. 

Transverne  Htrength. — The  results  of  the  transverse  tests  are  given 
in  Table  IXr  (p.  73).  As  stated  elsewhere  (p.  0),  the  vahies  given 
in  this  table  are  moduli  of  rupture  in  pounds  per  square  inch.  These*, 
tests  show  the  same  tendency  as  in  those  for  tensile  and  compres- 
sive strength.  The  strength  of  mortar  made  from  those  sands  in 
which  the  percentages  of  voids  are  low,  while  not  so  marked  as  in 
the  tension  and  compression  tests,  is  greater  than  that  of  mortar 
made  from  sands  in  which  the  percentages  of  voids  are  high. 

Summ/iry  of  sand-mortar  tests. — In  general  there  is  greater  uni- 
formity in  tests  made  at  the  end  of  180  days  than  in  those  made  at 
19715— Ban.  331—08 5 
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the  end  of  the  shorter  periods.  Alterations  in  environment  mate- 
rially affect  the  early  strength,  while  the  nature  of  the  cement  often 
causes  irregularity  in  the  strengths  for  the  earlier  periods.  This 
irregularity  disappears  to  a  great  extent  as  the  test  pieces  become 
older,  as  is  well  illustrated  in  Tables  III  (p.  28),  IV  (p.  29),  V 
(p.  31),  and  VI  (p.  32),  showing  the  percentage  of  gain  in  strength 
of  tensile-  and  compressive-test  pieces  of  neat  cement  and  1 : 3  stand- 
ard-sand mortar.  In  that  connection  (p.  39)  it  was  pointed  out 
that,  despite  the  many  different  strengths  at  7  days  and  the  many 
different  percentages  of  gain  to  28  and  90  days,  the  strengths  at  180 
days  showed  remarkable  uniformity.  In  comparing  the  strength  of 
mortars  it  is  desirable  to  use  the  results  of  the  180-day  tests. 

The  results  of  these  tests  seem  to  indicate  that  the  nearer  the  grad- 
ing curve  approaches  the  uniform-grade  line  the  greater  is  the 
strength.  It  is  also  apparent  that  the  strength  decreases  with  the 
increase  in  the  percentage  of  voids. 

Density. — The  density  of  mortar  made  from  each  sand  was  deter- 
mined in  order  to  ascertain  its  relation  to  the  other  physical  prop- 
erties and  to  see  if  there  is  a  relation  between  the  density  and  the 
strength  of  the  mortar.  The  density  was  determined  for  only  the 
1:3  mortar;  in  subsequent  investigations  density  determinations  are 
to  be  made  for  all  proportions. 

The  method  of  making  the  density  test  is  as  follows:  After  the 
sand,  cement,  and  water  have  been  weighed  in  the  required  propor- 
tions and  thoroughly  intermixed,  1,000  grams  of  the  mixture  are 
introduced  in  portions  of  about  50  grams  into  a  graduated  cylinder 
of  500  cubic  centimeters  capacity.  Each  layer  is  tamped  until  the 
water  flushes  to  the  surface.  The  graduated  cylinder  is  weighed 
before  and  after  the  mortar  is  introduced,  the  difference  being  the 
weight  of  the  mortar.  A  reading  on  the  top  of  the  mortar  is  taken 
after  the  level  of  the  top  becomes  stationary,  generally  within  30 
minutes  after  the  mortar  is  introduced. 

The  weight  of  sand  and  cement  used  is  known  from  the  amount 
introduced  into  the  cylinder.  The  absohite  volumes  of  these  in- 
gredients are  then  determined  by  their  respective  specific  gravities. 

Each  of  these  absolute  volumes  is  divided  by  the  recorded 
volume  of  the  mortar,  and  these  ratios  are  termed  the  "  elementary 
volumes  "  of  cement  and  sand,  being  designated  by  "  C  "  for  cement 
and  "  S  "  for  sand.  The  sum  of  the  elementary  volumes  of  cement 
and  sand,  or,  using  the  suggested  notation,  "  C-f  S,"  is  termed  the 
"  density."  In  other  words,  density  as  applied  to  mortar  signifies 
the  ratio  of  the  absolute  volume  of  sand  and  cement  to  the  recorded 
volume  of  the  mortar. 

The  densities  of  1 : 3  mortar  and  the  relation  between  the  densities 
and  other  physical  properties  of  the  sands  and  mortars  are  given  in 
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Table  Xll  (p.  78).  In  column  1  are  given  the  register  numbers  of 
the  sands  used  in  the  mortars  whose  densities  are  given  in  column  2. 
The  densities  are  arranged  in  order,  with  the  largest  value  at  the 
top.  For  purposes  of  comparison  the  number  of  the  granular  metric 
analysis  curve  for  each  sand  is  given  in  column  3.  The  numbers 
start  with  No.  1  for  Sd.  15  (at  the  top  of  fig.  9,  p.  45)  and  end  with 
Xa  22  for  Sd.  16  (at  the  bottom  of  fig.  13,  p.  54).  The  percentage 
of  voids,  weight  per  cubic  foot,  and  tensile,  compressive,  and  trans- 
verse strengths  of  the  corresponding  mortars  at  180  days  are  given 
in  oolunms  4-4.  It  will  be  observed  that  in  the  upper  part  of  the 
table,  where  the  values  of  density  are  greatest,  the  percentages  of 
voids  are  least  and  the  weights  per  cubic  foot  and  the  strengths  are 
greatest,  and  near  the  bottom  the  opposite  is  true. 

Tablb  yni. — Phyrioal  propertia  of  ionck  l-tt,  gravel  Bcreerdngs  1-lt,  and  tUme 
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TESTS   OF   MATEBIALS   OF   CEMENT   M0BTAB8. 


Table  Vill. — Physical  properties  of  sands  1-22,  gravel  screenings   1-12,  and  stone 
screenings  1-25 — Continued. 


STONE  SCREENINGS. 
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Se.  n 

Se.  U 

So.  U 
Sf.  15 

Si^.  m 

So.  J7 
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Se.  20 
S*".  21 
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&■.  ^ 
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B^.  LouIfi.  Mo^,^,,. .„,_,^,    LllOfltOIH!. 

do ....,.„,,.. dfl 

. _.,dn „..., ....-*,...  ...,*do. ,,,, 

fiUmcon,  Mo ^ do_,-.. 

Joplln  y  Mo Ctlat. 

do. ....,.,.  J...  „do 
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KiinsAA  City,  Mo.  .,».»»,*.......  .1 do 

Ifoffnittn^Mo , I  ChAl, 

BonjiH>'rn%  Mo........ . .do 
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Table  YlII,^ — P%#Laet£  proptrtieM  of  sands   I-iSj  grnwl  icrfenin^g  J-H^  and  itone 

screenings  1-tS — ContiDUed. 
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Table  IXa.—Tetwk  strength  of  the  mortoTM  oftH  sands. 


Hatio  ol  cement  to 
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644 
646 
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503 
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420 
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317 
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870 
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l:S(>ia^^ 

1 

7B-27 

70.7 

H.4 

•1 

|1:3.,.. .*.,. 

^M 

79-2S 

71.0 

&g.2 

&0 

1 

AT^iUfC*"  >  >        J.    i 

i 
1 

1 

Sd.3„. 

IM 

i;:i  £>iru'«ii 

7ft-'2a 

71.0 

fi9.2 

8.8 
S.9 

79-28 

7t.O 

59.2 

A  V4f  riir^ ...».,.,. 

' 

1j» 

Avpra^c ,..._ 

\Ai 

7V^ 

70.7 

61,  i 

fl.9 

Brt.4... 

1:4 .,,. 

*"*""' 

71t^ 

-at 

fl2.6 

tL3 

h3(Mlft«IJ,,,.,,„ 

79-32 

m? 

lt:£.fi 

lt.9 

1 

^    Avenigv „....,.. 

a  For  details  of  field  origin  of  sand  samples  see  pp.  43-52. 

b In  tests  marked  "sifted  "  the  sand  used  was  sifted  through  No.  80  and  over  Na  40  sixe. 
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Tabls  IXa.  —  Ihmit  Mren^th  oflhe  mortara  off2  mn4« — Continaed. 


r 
ft. 


Bfttls>  of  crimen  t  bo 

fiAnd. 


1:»- 


1:  *,„„...- 


I:* 


1:3  ^stftsd)  . 
1:1-— 


1:4. 


r 


ATcimg?e., 

l!3  j^te«d) . 


Vl^rt, 


Lll 


L33 


Lie 


Cement 


79^29 


Ti-29 


7»^ 


71M0 


79^-tO 


7«-IO 


79-ia 


7M3i 


7ft^<2 


79^43 


79-a 


m-43 


Tempemtnrt^ 


W&t^. 


70.7 


KL7 


Air. 


70.7 


70.7 


m7 


«e.8 


m» 


0Q.S 


«9.8 


6^0 


eSvO 


70.0 


70.0 


(14.4 


64.4 


ft4.4 


6&a 


69.0 


fiS.O 


Water 

(per 
Detit). 


fi.S 


a.  3 


S.4 


S.3 


a.  ft 


S.9 


S.B 


S.tt 


a.  3 


Tea«Ue  strength  tpoomdji  per 


7 
day*. 


41 S 
424 

410 

32G 
^& 

295 


777 

2SG 

500 
475 
49& 

4S0 

42S 

427 

B27 
BCO 
W6 

Ul 

430 
120 
400 

417 

aio 

S20 
303 


290 
800 


540 
560 


420 
4(^ 
4ia 


S20 
SIO 
290 

307 


2§ 
d«ys. 

90 
rtaya. 

180 

475 
fiJl 
&10 

580 
551 
535 

401 
420 
44t} 

499 

556 

420 

400 
362 

475 
4^ 
445 

342 
»]0 

37S 

468 

321 

332 

400 
375 
405 

280 
300 
2*S 

3% 

K93 

288 

633 
607 
625 

715 

fiao 

710 

ea8 

629 
574 

622 

706 

614 

5S0 
530 
530 

5B0 

MO 
600 
510 

527 

fKH 

517 

860 
886 
423 

440 
47D 
430 

Slfl 
390 
324 

396 

447 

313 

533 
540 

512 
BOft 

665 
5aa 

627 

519 

«S 

4S0 
455 
410 

410 
370 
3^ 

430 
484 
473 

442 

393 

4ffi2 

423 
467 
420 

3ti7 
405 

414 
370 
390 

43? 

388 

391 

eo.'i 

636 

730 

758 
747 

757 
704 
700 

628 

745 

720  ' 

502 
515 
622 

570 
565 
650 

B70 
5^ 

5^ 

562 

578 

420 
425 

4fl6 
410 
425 

397 
412 

m 

414 

404 

3fi0 


410 

392 

415 
319 
334 


30« 
334 
351 

32» 

752 
770 
741 

75* 

(SSO 
619 
634 


453 
421 
440 

13« 


&45 


497 
B14 

460 
442 
449 
4^ 

700 
678 


624 


427 
421 
415 

421 


\^ 
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Table  IXa. — Tensile  strength  of  the  mortars  of  22  sands — Continued. 


icr 
No. 


8d.  9. 


&l.  It). 


Sd.  H 


a*i.  v^. 


Ratio  of  cement  to 


(la. 


Avenge  * 
1:4 


1:3  (sUt4?d)  . 

AverH^ . . 
fl:3 „.„ 


t;4 


1?3  Cflilt^)  ,„„„ 


Avemgc . 
fli'A 


1:4 


Average.. 
Ii3(9dftea). 

1:3 

ArerftSe , . 
1:4  , 


Aven^.. 

1:3  (slftedU 

Avenge,. 


Ylelrt. 


l.tA 


t.ia 


1.13 


Cement 
No. 


79-lfi 


79-Mi 


79At 


19^9 


7»-3» 


T^Hfl 


7V-ie 


79^16 


7»-47 


7S^7 


T9-t7 


Temp^rBtnre 


W&teiT. 


f^a 


71.6 


71.6 


71.6 


71.6 


71. « 


71.  fl 


6&0 


6«.0 


Air. 


64.4 


«.4 


64.4 


70,0 


7ao 


70. 0 


71.6 


7U6 


71.  a 


ei.4 


&L4 


Wtter 
(per 
otmt). 


Tfeiuille  strenirth  (potuidi  p 
square  inch). 


aayt. 


S.9  ,  300 
40D 
412 


A.3 


S.9 


B.0 


«.S 


i.i 


tkS 


ii.3 


8.9 


3.* 


S.S 


&» 


304 
808 

si:i 

274 

291 
»&1 


430 
412 


$41 
325 

^0 

32S 
81i» 

434 
42a 


8.^ 
37a 

334 
tl4h 


400 
41& 

407 
342 

tt6 

34« 


S70 

ao7 


29        90 
days. '  da^ 


NM  4A1 
470  490 
6a5  .    S1& 


180 
dAyit. 


463 

496 

S07 
41D 

42S; 

437 

400 

412 

422 

38S 
370 
S;6 

«51 
354 

A62 

377 

352 

641 

fHO 

547  ' 

(m 

4G0 
410 

513 

517 

4^ 

£23 

380 
4W 

473 
460 
1&2 

403 

462 

COO 
60fi 
fiOO 

6*7 

602 

661 

ai2 

614 

m 

fi06 
542 
630 

619 

fiae 

442 
463 

4J0 
460 
461 

4^ 

447 

60& 
605 

6a> 

610 
fll7 
630 

Sfl? 

622 

&oa 

fi04 
£&4 

600 
685 
693 

615 

60S 

tab 

no 

370 
gTO 

no 

371 

466 
470 
4«2 
483 

422 
460 
44^ 

441 

8S7 
366 

£76 

^6 

496 

487 
4^1 

48fl 

410 
4O0 

396 
B7a 
349 
372 


725 
737 

703 

no 
7m 

707 

«ao 
6^ 

669 

eoa 

£91 
698 
614 

601 

640 

666 
646 

547 

406 
436 
416 

418 


31 
d» 
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Tmmm  IXo. — TmmU  mtngth  of  Ike  morion  of  99  Mndt— Oontiniied. 


mx^. 

Yield, 

Ceroent 

Water 
(per 

TenflUe  jitreoglli  (ponnd^  pet 
aquaro  inch). 

Kflc 

Wai«(r. 

Air. 

7 
days. 

28 

dip. 

90 
days. 

180 

360 

p:3  ., 

LSI 

71-.Vk 

eg,s 

w,a 

IL9 

647 

e^ 

Af9 

431 
166 

444 

116 

m, 

Sl« 

296 

S02 

S19 
2M 

314 

32Q 
300 
316 

ai2 

2&0 

231 
2^& 

240 
^6 

1^ 
<61 

471 

44« 
42D 
457 
441 

3r?6 

3B0 
S«2 

«00 

675 

SS6 

47JS 
492 
49tt 

444 

m 

4S7 
444 

«ai 

324 
332 

Ub 
349 

3t» 
335 

2an 
27e 

25e 
2T3 

313 

286 
Jt06 

615 
630 

mo 

618 

440 
476 
41^1 
465 

462 
431 

im 

463 

6i51 

64a 

&75 
6b6 

5*9 

125 
4iS 
460 
433 

376 

343 

m> 

34S 
36tT 
S4d 
3,^1 

3«7 
380 

374 

26@ 
271 
261 
26*5 

330; 

807 
ft22 

5e& 

573 

581 

635 
420 
615 
4190 

472 
405 
622 

4% 

fi31 
6tt6 
679 

647 
5«6 
630 

A3S 
476 

494 

434 

3*5 

3U6 
386 

a79 

SS2 
STO 

S43 

asi 

331 

2M 
317 

3oa 

304 

31f^ 
34a 
326 

3^ 

621 
606 
WO 

551 
663 

6S4 

671 
6C2 

6T2 

7B6 

ATiOimtt  ,.....,.. 

760 
7S7 

T7S 

i^HU. 

lU,,.** 

W-W 

ms 

»,D 

aa 

673 

Avcfrnffu*,--^...- 

696 
706 

691 

l;i, , 

L19 



MlS 

6ft.O 

fl.9 

566 

Kwm9^*.*. 

671 
678 

^79 

^14., 

l:i., 

14-62 

«9.g 

e&Q 

A.3 

406 
410 
416 
411 

l:»(itf|«dj -„..-. 

70-62 

«.s 

ea.0 

eL« 

3»T 

At^ttn^, 

406 
416 

403 

ad.___ _.„. 

LU 

79m6S 
1%^ 

«.2 

a.9 

3MA 

ATvnev  ..- 

1,-4 w 

B74 
S70 
177 

«ft.2 

as 

im 

.1*,- 

AT«nic*  ..>...>., 

S2a 

B12 
306 

l:3(sCftoA>,.*. 

TMB 

W-S 

66.3 

as 

336 

Arenc^  ^. ,,_,_„ 

341 

^3 

#!:>......» 

1.20 

79^ 

0ft.2! 

7S.2 

ay 

061 

643 
640 

650 

IM**.. 

n-H 

m.n 

75.2 

as 

521 

il.t».. 

At^tb^  . , . .,  .p . . ., . 

ft6& 
560 
642 

l:3(ilfiHl) 

Aremc^.... ...... 

#**>*■,«« 

ISfr^ 
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TESTS   OF   MATERIALS  OF   CEMENT   M0BTAB8. 


Table  IXa. — Tensile  tlrength  of  the  mortars  of  tt  »a7i(i**^C!ontlnued. 


tL-r 
No. 


Sd.  17 


Sd,  IS. 


Bd.  19. 


Batlo  of  cement  Ui 
B«nd, 


Averaffe* 
1:4 


Avemge... 
:3  (Ml[t«d) 


AveraBS-- 

AvL'ra^  - 

1:4.., 


:3(rfft0d). 


Avewg^e  , 

1:4 


Avenge 

1:3  (sifted I  .,. 


Average  . 
^1:3. 


8(1.  20. 


\A 


Yield. 


L37 


Cement 

No. 


79-66 


7^^ 


LIB 


Lia 


V&r^ 


laa-fi 


ISS^JT 


13^17 


lAK^n 


i.  Ifl  I       I33r-21 


i;fiV-23 


Temperatui^ 


Wfcter.      AIt- 


TLft 


71.6 


64.2 


64.2 


n.fl        64.3 


iS.0 


ss,o 


os.o 


6«.9 


39.9 


fiS.9 


7S.S 


7a,8 


78.S 


67.1 


67.1 


67.1 


7«.S 


09.  S        7B.8 


W*ter 

Cper 

cent). 


S.9 


e.s 


ft.V 


S.9 


&« 


S.S 


a.  9 


Tensile  Htrength  (potindi) 


7 

dAfB. 

2a 

d*y.. 

90 

dayi. 

ISO 

3 

di 

S38 
344 

S4S 

8S0 
945 
^7 

436 
429 
450 

436 
473 
489 

S43 

asi 

436 

106 

286 
392 

270 

318 
317 
321 

3«J 
345 
830 

3SA 

876 
309 

3Ba 

319 

34£ 

asf7 

906 

300 
330 

333 
315 
347 

3S3 
382 
360 

341 

362 
350 

313 

342 

375 

861 

961 
»&4 
S8Z 

460 

6DQ 
4SQ 

496 
506 
540 

E75 
540 
534 

366 

m 

514 

5G0 

BOO 

837' 
»2Q 

400 
366 

406 

460 
457 
497 

462 
4145 

477 

S19 

3S7 

4n 

471 

22R 
232 

329 
310 
360 

330 
377 
351 

376 
330 
343 

2E8 

3ai 

353 

sso 

534 
616 
65IS 

635 
617 
6§0 

703 
659 

792 
746 

SS5 

664 

676 

773 

492 
4ft& 

160 

515 

5eo 

490 

530 
62« 

666 
615 
«33 

476 

502 

629 

636 

290 

317 
320 

376 
346 
336 

436 

38a 

382 

2T9 

326 

353 

399 

465 
446 

420 

643 
666 
656 

624 
573 

6;*2 
673 
7W 

440 

;^^6 

598 

670 

3S4 
376 
366 

498 
466 
499 

671 
535 
562 

010 
644 

563 

371 

4S&, 

566 

572 

537 
320 
309 

347 
396 
398 

S32 

36» 
3W} 

423 
422 

436 

32& 

386 

360 

m\ 
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Tabids  TKa, — Tamk  ittrtri^th  of  fht  mm'tar*  oftf  *ands — Continued. 


0* 

&«tlt»«feem<;ntto 
mud. 

View. 

Oem«nl 
No, 

TenipeKtUfe 

W*tor 

(per 

T«iMfle  Atn^tu^h  (pounds  per 
•qtiAre  inch). 

taL 

WM43t-. 

Air. 

1 

38 

dii^R. 

90 
days. 

days. 

SdO 

At$  ,.,**-„.*—.», 

i^^ie  1    i3£t-3i 

iI$.Q 

«7a 

8.1 

2S5 
27S 

as? 

210 
209 
3D0 

3M 
2S1 

2.^ 

2B^ 

272 
2T7 

IM 
*1W 

m 

22f> 

an 

220 

Brit 

3fia 

»£« 

256 
250 

247 

351 
Wl 

an 

432 
M2 

118 
311 

5H7 

i07 
310 
Slfi 

311 

350 

337 
341 

243 

260 
25(>^ 

2Na 
290 

m^ 

43H 
470 

449 

3tf7 

377 
371 

358 
3GS 
StiO 
^] 

403 
373 

aes 

3§U 
300 
2H0 
290 

337 
2W 
280 

304 

4<K* 
4<KI 

510 

4H7 

4U 

37ft 
391 

993 

37& 
372 
354 

3(57 

SSB 

AT«e«i«« 

397 

38a 

390 

li4,,.-,,„- 

I3S^ 

fiLO 

67,1 

AS 

s.v 

27fi 

It*. 

JLVVflf^.*.^ 

204 
275 

271 

t!j|<idJt«4)  *..    *** 

lSS-3 

63.0 

67.1 

K7 

1 
A  venwFC  j .  ^ .  ^ . . .  >.' 

320 
33 

329 

1;*  *♦♦     .    .  *,  ,  . 

L11 

^,a 

71.0 

Jl,fi 

jAt^iii^  *' « ..  >->^ - 

l:i_, ,„., 

6ft.  0 

7J.0 

ILO 

m. 

J^Tt^tB^ 

--"" 

I:t  4|iJUd)... 

0S.O 

6&,0 

ll.fi 

Avenec...*..*. 

TABtE  IX^.'-^-CbrnprewniT  dr^ngth  of  the  marUir^  of  f^  «awiM. 


tit 


I... 


Yield, 


A:». 


l!l .., 


1:4 


l:aiidft«d). 


1_W 


Cement 
No, 


79-6 


7V12 


1,13 


79-21 


7W-& 


79*1JI 


79-22 


Tempenttore 


WAter.     Air. 


70.0 


<I8,0 


69.3 


70,0 


«i.O 


70.7 


04.4 


4M).8 


68.0 


0I>4 


73.4 


64.4 


Wilier 

(per 


B.9 


a.  3 


8.3 


8.9 


Comiir«9sive  Mtreriffth  (pottnda 
per  sqiuLre  inctL) . 


7 
d*yi. 

23 

00 

dayA, 

180 

360 
days. 

Ir200 

1,2.50 
lpl47 

2.2D0 
2,  m 
2,137 

3,642 
3.475 
3,JK)0 

3,630 
3,570 
3,83© 

4.475 
4,200 
4.160 

1*199 

2.1*0 

3,539 

3,fn 

4,275 

932 
R75 
852 

1,375 
1.662 
1.4)2 

2»48S 
2,313 
2,488 

2,S50 
2,«1B 

3,000 
2,t*00 
3,200 

«86 

1,450 

*,430 

2,825 

3.033 

1,325 
1,275 
1,272 

2,077 
2,187 
2,192 

2,790 
2,570 
3,170 

2,826 
3,125 
2,776 

3,426 
3,50U 
3,360 

1,291 

2,152 

2,843 

2,90& 

3,425 

1,025 
1,79a 
1,715 

3,212 
3,7fM> 
3,367 

4^067 
4,875 

5,2«6 
6,538 
5,358 

5,S00 

6,725 
5.650 

1,712 

^,420 

4,724 

5,360 

5,775 

1,100 

1,037 
1,012 

2,025 
2.000 
2,102 

2,745 
2,600 
2,500 

3.150 
3,026 

3,^5 
3,750 
3,«00 

1,060 

2,062 

2,582 

s.ols 

3,775 

1,200 
1, 126 
l.lOn 

U900 
1,930 

2,100 
2,GH£ 
ii,600 

2,515 
2,488 
2,610 

3,050 
2. 750 
2,9* 

1,143 

1  1,»S7 

2,383 

2,638 

l2.9oe 

d  For  detAiU  of  field  oriflin  of  aand  samples  see  ] 
bin  test!  marked  *'iiftea"  all  sand  used  was  sift 


>p.  43-62. 

ed  through  No.  80  and  over  No.  40  size. 
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TESTS  OF   MATBBIALS  OF   CEMENT  M0BTAB8. 


Tablb  1X6. — Oompresthe  $irength  of  the  mortan  of  ff  «an^#^CoDtmue< 


Vidd. 


Osnufit 


Water, 


Air. 


Wftter 

(per 


pef  «4imtv  Inch  I 


2ft 


^1^ 


II 


Bd.l, 


Bd.5., 


&d.  6. 


rt  :>__.. 


Sd,  3..   ^ 


1.12 


7ME3 


73.-1 


TLft 


lr4. 


T»-2a 


7S.i 


TLA 


S.3 


liS(Hlfled). 

AreAK«  . 
l:a.. 


IWh^ 


ma 


71.fi 


1L& 


1,13 


Avenflpe. 
:4  „,„.„ 


7i>-a7 


71M!7 


7U,7 


Ta? 


-   OSLfi 


0^6 


a.» 


ft.S 


Avemg«.. 

1 :3  (ailted) . 


13(S-^ 


ma 


71.fi 


mi 


ATcn^e  . 
f\*Z 


1.11 


79-;£i 


70.7 


H2.a 


«.9 


T^M 


TO.  7 


1:3  (rifted). 


7«-24 


70,7 


1:3 


7M0 


71. 6 


71.  e 


t!t.» 


l:i 

l:3(Jdfted), 
^   AY^n^i.*  — 


H.3 


I9H* 


71.6 


l.*8f7 
2,002 

2,000 

Mfi7 

1,092 
1,Z£& 

1,1«1 


1,775 
l,fiT& 

«,27& 
8.16» 

1,228 

l.Wlft 
l.«3a 
1.750 

1,85a 


1,4£0 

1,475 

1,4«2 

2,SfiO 
2.  WO 
2,057 

2,302 

1,^7 

1,412 
1,350 

L396 

1,426 
3.875 
1,300 
1,3G7 

2,&')8 
2,G7& 
2,7i& 

2,68G 

1,7^ 
1,653 
1,678 

1,70& 

1,1@ 
1,220 
1,275 
1,219 


3,733 
3,750 

3»730 

3,  TBI 

%€\% 
2,S25 
2,^15 

2,609 

a,  2a 

2«fi00 


2,412 

4,»3fi 
4,975 

a,  Oil 

3,90e 
3,»fi 
S,000 

S,0I4 

2,700 
3.025 


3,sa3 

2.500 

2,376 

2,eis 

2,4% 

1,920 
3,000 
2,)$iS 

2,036 

1,358 
1,335 

1,3^ 
1,332 

3,995 
4,208 
4.093 

4,090 

2,400 
2,525 
2,71® 

i,a»3 

1,720 

1,770 
1,7V4 


4.fi6a 

5.113 

3,470 
lt,7!^ 
3,49S 

3,540 

3,J^ 
3,400 
3,300 
3,417 

5,975 
0,075 


6,113 

4,45S 
4,3fiS 

4,530 
1,457 

4.375 

4.eoo 


4,4M 

1,363 
4,613 

1,523 

1,500 

3,215 
S,L£i5 
3.  DUO 

3,147 

2,100 
2,225 
2,260 
2,192 

3,050 
3,490 

3,ifia 

3,236 

2,660 
2,860 
2,722 

2.741 

t,5&5 

1,500 
1,550 


5,1 


3,: 

*.( 

3,1 
3,f 

3,] 
%^ 
3.f 
5,S 

6,1 


3.1 
4,^ 

4,3 

3,1 
S,( 
4,1 


3,f 
3,t 
3,f 

3»l 
?,« 

2,( 
3,' 

4,H 
4,^ 
4,1 

3,] 
3,i 

2.1 
2.^ 

2,\ 


> 
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60 


9lK 


Rfttin  ol  foment 
to 


ri:»., 


...] 


LI... 


l:i 


1:3  teiltHt), 


1?» *,.. 

lA.. 


9Lf.. 


l;%itmedu 


iht,. 


1:<, 


M-lft. 


1:«  (tffted) . 
1:S...« 


1:1.... 


1:9  (^Hed) . 
Ayo»CC.. 


^leld. 


1.Z1 


l.U 


i.ie 


i.i;8 


Clement 

No. 


7&^^ 


7^M3 


91MS 


?»-ia 


19-45 


TIMS 


?V^ 


7V^38 


19^4^ 


Teinp«imt 


WKter.      Air. 


60.0 


6&.0 


6i.O 


M.4 


M.4 


«B.O 


sao 


fl&O 


e».a 


ana 


6g.O 


G&a 


68.D 


04.4 


Mpi 


64.4 


6^4 


64.4 


64.1 


67. 1 


07.1 


&J.I 


cent). 


8.0 


A.S 


S.9 


a.  ft 


a.3 


8.9 


&.9 


&0 


«,s 


8.» 


per  «qnfire  InchJH. 


7 
dayi. 


1,«00 
1,658 

i,om 

1,263 

1,203 
2,  IDS 

2,414 

1,760 
1,694 

1,263 
1,2«& 

ipies 

1,232 

2,2Sa 
2*000 

2,08» 

1,460 
1,375 
Ip4^ 
1,414 

900 
850 
Mb 

865 

1,623 

1»7S0 
1,6«7 

1,060 
1.163 

]»092 
990 
926 


2R  90 

dftlTH.    days. 


8,380 

a,  51  a 

B»3G< 
3,4lfi 

2.21KV 

2,388 
2,209 

2.375 
2,175 
2,^^fi 

2,279 

6,670 
5,41U 
5,38§ 

3,675 
4,  mo 
3,91S 


1,743 
1,«00 
1.73B 
1,6«4 

3,746 
3,.%» 

B,4ia 

3.494 

2,60B 

2,500 
2,612 

i,476 


1,4SS 

3,120 
2.  MO 
2,613 

2,dG9 

1,895 
1.W5 
1,792 

1»«77 

i«4oa 
j.4eo 

1,512 
1,467 


MOO 
4,585 
M95 
4,S6$ 

3,418 

3,6^ 

3,444 

3,238 
X»75 
3,QBa 

3,102 

6,B25 

6,2^ 
6,U00 

4,aso 

4  J  00 
3,»75 


1,7S0 
1,676 


1,712 

5,825 
6,288 


5,567 

3,163 
3t000 
3,513 


dayfi. 


B,3@a 
3,675 
8,475 

3,492 

7,512 
7,52ii 
7,625 

7,564 

4,609 
6,t08 
5,063 

5,193 

2,425 

2,633 
2,4S4 

2.St^ 
2,81fi 
3,033 

2,034 

2,660 
2,2t^ 
It,  022 


3,225     2,645 


L,760 
1*875 


2,286 
2,;^0 
2,356 
1,812     2,339 


4,425 
4,500 


4,706 
I  4.600 
'  4.fil2 


4,462  '  4,639 


2,6S0 
2,666 
2,760 
S,6« 

2,2i2 
2,462 

2,372 


2.268 
2,470 
2,238 

2,340 

2,238 
2,238 
2,413 

2,318 


360 

5,y50 
5,475 

6,675 


5,650 
5,650 
5,9U0 

8,175  4,175 
3,500  '  4.400 
3,325     4,a75 

3,333     AM7 


4,125 
4,100 
4,050 


7,125 
3,000 
7,075 

7,400 

4,736 
4,S60 

4,400 
4,566 

3,175 
2,960 
2,000 


6,000 
5,tr25 

5,858 

4,175 
4,100 
3,376 

4,050 

8,100 

2,lttS 
S,000 
3,008 

5,975 
5.775 
6,700 
5,ei7 

3,800 
3,900 

ft,fl75 

1,709 

2, 175 
2.300 
2,060 

a,i7& 
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TESTS  OF   MATERIALS  OF   CEMENT   M0BTAB8. 


Tablb  1X6. — Cbmpresrive  ttrenglh  of  the  moriotnoftt  humU — Continued. 


No. 


8d.  11. 


8d.lS. 


RAtiQ  of  P?fa«fit 

tOBlUldl. 


l:S, 


ATen^ » 


1:4. 


yield. 


A  venule 

US  (dflCKl)  , 

Average. . 
Ii3.... 


1,12 


Avenge . 
l-A ,..* 


M.  13„ 


A  vemge . . 

Arengs . . 
1:» 


Average. 
1:1,.-.,,... 


Sd.  14.,^ 


Average . . . 
1:^1 


L21 


1.19 


Avenge. 
1:4  .„,.„. 


1  ::iisifiL^). 


Avera^^ . 


Ka 


?«-« 


TV^W 


79-47 


71M7 


Ti-i7 


7W» 


79-fiO 


79-.'i2 


7&-fia 


Tfl^va 


Tempefsti 


W«t^,      Air. 


«.0 


08.0 


«i.O 


69.a 


514 


M.4 


Wfttjer 

(per 
cenl). 


03.0 


esi.ft        13.4 


eo.o 


m.a      m.Q 


6S.$ 


«S.9 


68.  B 


6S.2 


6a.2 


av 


&t 


M.4       e.» 


a» 


8.V 


S.« 


as 


».a 


a9 


per  iviuare  iiich). 


7 
dftftt. 


2.026 
2,211 

2*113 

1,306 
2,000 

2.0M 

i.osa 

1*045 
1,049 

2,263 

s.4ao 

2,4St 

1*875 
1,788 
3,000 
LB»» 

1,300 
1,200 
1,350 

i,aS7 

3,200 

a,  ISA 

S,1SS 
3,175 

3,000 
2,700 

2,sm 

1,«75 
1,03S 


1,906 


20 


5,308 
5,300 


a,ii5 
4,015 

S,811 

2,335 
2,196 


2,266 

4,250 
4,210 


4,»6 

2,750 
2.973 
2,7» 


1,50V 
1,550 

IpGOS 

1,5^ 


5,S75 
5,63S 

5paHZ 

1,348 
4,7W 
4p350 

4,43a 

3,188 
S,13S 

8,  lao 

3,159 


1,3.^  1,900 
1,113  %(m 
l,&'iO  :  i,S3Q 

1,371  !  1,OT9 

1.3W  I  l.9f» 
I.IM  I  1.896 
1, 475     2,(i2S 

1,4111  I  1,969 


90 


]§0 

dlLlTft. 


dMpiw 


5,«B  I  $,050     5.*Sf 
^,6£0  i  \]2.S     ^.lU 

S,992  '  5,067     5,6fiA 


4,450 

4,  OSS 
4,S7^ 

4,2S8 


A.OOO 
5,200 
i,5S0 

'  4,917 


3^128 
3,1^3 

6,4S8 
6,  OSS 
6,213 

6,24fi 

3,K75 
4,2S5 

3,^5 


1.97^ 

2.025 


■  1.S7S 

i,auo 

1,907 


2,000 

5,«37 
6,375 
5.6S5 

4,135 

4.737 
4,425 

4,4S2 

s,7ce 
3,4a> 

3,475 

3,536 


2,675 


2,763 

2,675 
2,n3S 
2.Nrj£ 

2tn8 


6,000 

6,2S0 

6,125 


4, TOO 
4.935 

4,125 

3,300 
2.V7?> 

3,09 

■6.00 

I  6.9f7& 
'  6.792 


3,in)  4.iV 

3,9fi0  4,225 

3,825  4,2S> 

3,KE5  4,300 


2,7M 
2,J*12 

2,925 

2,89 

6.775 
0,500 
6.tt7 

«,7y7 

4.1% 
4,3^ 

4,425 

4,308 

1,000 

3.  MX) 
4.Uii2 

4,075     3.^ 


960 
1,100 
1,100 

1,017 

7,500 
7,000 
7,060 
7,  lis 

5,b50 

5,  .WO  ■ 
5,375 

5.492 

4,  SAO 
3,850 
4,036 


2,725 
2,2S0 
2,375 

2,4,^10 

3,075 
3.000 

2,750 

2,942 


3.  an) 

3,300 

a.iso 

3,250 

2,900 

3,000 
%9S3 
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TjISLS  IX  &. — Os^mpr^mpi  gtneuffth  of  the  moriart  of  Si  mttid* — Cootinnetl. 


^ 


Yield. 


Cement 
No. 


Tempenturo 


W*i«r. 


Xit. 


Water 

(per 


CoiDpre»l¥efrtn!aKth  (pounds 
per  square  inch) . 


7     ,     ^ 
dap!,    dnja. 


90 


130 
dftji. 


800 


fl:i- 


i-ii 


79-S3 


l:t. 


79-«B 


A6.0 


«S.O 


I:l(airf«d>> 


79-as 


fl«.S 


«ao 


ATemge . 


1^4. 


1, 


1.30 


79^H 


m.n 


fi&« 


TO^M 


aa^a 


M.t 


1»^30 


!;*-„ 


i.ar 


T»^ 


Tl.ft 


«7.1 


1:4 


7^^ 


n.« 


e7;i 


^l(gUEIi4> 


7«-W 


71.6 


67*1 


I.J 


l:t. 


ia& 


ATems^. 


IS-^ 


l^-K 


87,1 


68.0 


07.1 


Atvf«K«*< 
l:SfAffledy . 


ff7A 


«i.o 


S.9 


S.S 


S.9 


&0 


s,s 


a.» 


S.3 


s,9 


S.9 


Av«<4C«. 


1,24S 
l.SfiS 

i,aso 


9011 

9&a 


1.1.% 
lpl(H 


l.SGO 
1.9CJU 
1,993 
1,89§ 

i.ass 
i,sa$ 

1,353 

1,010 

l,tr7D  '  1,500 


Z,1Q« 

a,Er75 

a.  228 

3.aD0 
2.«76 

2.tl7 

I.IHO 
1,»&0 

i,9es 

1,S8» 
1,380 

l»32I 

1, 4m 


l,&13 

1,335 

1,275 
1,330 

].15li 
i;i75 
1,113 

1,1^ 


1,S53 

&.e76 
5,815 

5.m 

3,d75 
3,n79 

a,  £75 

i^m 
»,  i4» 

3.100 

SfOsa 

3,112 

2,38S 
2,26H 
2,3e§ 


2,418 

3,  isa 
2.esii 

3,1S8 

s.oe6 

2.130 
2,126 

2,061 

1.600 
1.638 


2,^2 
2.  QUO 
2,OS7 
2,093 

1,500 
1.4SS 
l,d7ft 

1,654 

2,026 
2,  OSS 

1,800 

1,071 

5«062 
5,975 
6,5SS 

5,J5aiS 

B,750 
1,2IM> 


^000 

2,900 
3,375 

3.2SO 

4.1226 

3,765 
3,H75 

3,»fl2 

2.U25 

2,&50 
2^612 

3,610 
2.600 


3,950 
4.076 


2,  mo  2,750 
2,«V:5  a,fiS7 
2,625  I  2,7S0 

2.633  I  2,71^ 


I 


1,«7& 
1.72S 
1,900 

1,8» 

2,200 
2,060 
L,KQ 

2,067 

7.225 
7,LtO 
fi,950 

7,1«* 

4,375 
4,750 

4,617 
3,518 

a,  726 

S,421 


4,700  4.^7 
4,475  4.725 
5,060  ,  4,6^ 

4,742  4,76fi 
3.276  j  R,426 


1.060 
1.925 
2,000 

1,068 

2,000 
2,060 
2,062 

2.00^ 

5,750 
*.62fi 
6,862 

e,  742 

4,787 
4. 075 
4,H0O 

4,7M 


4,012 


2.UUU 
2.0TS 

2,038 

1,950 
2.008 
2,000 

1«I»0 


3.475 
3,250 

^m 

3,275 
3,050 
3.000 


3.S00 
SJ50 

4,050 

3.667 

3,226 
3,000 
2,976 

3.0fl7 

2,050 
2,350 
2,300 


K.iiOO 
3,612 
3.612 

3,400 
3,412 
^,600 

3,471 

4.426 
4,550 
4,460 

4,475 

3.175 
R,  100 
3,1IH> 
3,112 

2,  T25 
2,A50 
2,(650 

2,1175 
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TESTS   OF   MATERIALS  OF   CEMENT   MORTABS. 


Table  1X6. — Compremce  tirenglh  of  the  morion  of  tt  sanc£»— Oontmacd. 


ttfr 
Now 


Bd.19. 


Sd.  ao. 


&i.  *2I„ 


Sd.  ■££. 


RiLtluofcenieiit 
to 


1  x% . 


Average. 


lilCsUled}. 

AVQT«gi&  ^ 

1:».. , 


Areiagie. 


l:S{filftedJ 

Avertt^., 
1:3 ..., 

ATi»mgu , . 
1:4 


Averaj«;v.. 

AvvnjrtA- 
1:»..,. 


Avemgij . . 
Average , . 


Yield, 


LIfl 


1.05 


Temi 


Gcment 
Nol 


Hbeisttire 


WAter. 


U3-17 


(».» 


lJi-17 


l^lS^ft 


133-^ 


18S-21 


130H.2a 


iss-a 


13S-3 


133^ 


l.lt 


BSui 


ms 


ana 


a).A 


7ft.fi 


«S.& 


63.5 


53.5 


71.  U 


71.0 


ti^^.O 


Air. 


77.0 


77.0 


7L0 


73.4 


73.4 


72.6 


74.0 


74-0 


74.0 


^.B 


«(kO 


WASer 

{per 


ao 


fi.i 


11.0 


&3 


ft.0 


ft.  9 


a» 


11.5 


u.o 


11.5 


7  3S         Oa         ISO 

d»]ri.    dAn.    d&ya.  >  dajiu   < 


4,413 
4/US 

4,1^ 

4,247 

3,306 
2,320 

2,401 

2,136 
1.S75 
1,«76 

l,86fi 

Sp44S 
3»ai5 
3. 70S 

3,510 

2,026 
2,2&3 
2,000 

^(N3 

1,4fi0 
1,435 
1,600 

1,45» 

i,eoo 

IffiOO 
1,515 

1,548 


1.07* 


1,071 

1,020 
l,0t5 
1,006 

),OiB 

2.376 
2,260 
2,335 

?,817 

1,375 

1,376 
1.325 

1,3-W 

1,435 
1.400 
1,425 

1,417 


^,C20 

6. 425 
5,755 

6,000 

3,110 
2,750 

2.376 
2,400 
2,425 

2,400 

6,21S 
5,140 

5il4S 
\\m 

5,200 
3,258 

3.013 

3,157 

2,400 
2,900 

2,660 

2,417 

2,153 
2,145 
2,250 

2,24A 

L300 

1,210 
1,203 


1,663 
1,660 
l,5tt3 


4.l]75 
4,175 
4,060 

4,100 

2,450 
2,350 
2,315 

3,395 

2,750 
2,700 
2,650 

3,700 


f,335 
,100 
5,100 

5,7t^ 

6^«T5 
4,236 
3,775 

4,550 

2,550 
2,476 


2,513 


£,326 

6.575 
7,050 

0,719 

5,360 
l,«GO 
5,  SO 

5JS3 

3,900 

3,475 
3,e31 


6,150  ;  5,800 
4,^00  1  &,500 


5,376 


3.575 
3.560 
4,050 


e,300 
6,200 


4,735 
6,060 

5,eoo 

3,735  I  6,082 


3,650 
3,526 
3.378 

3,517 

3,030 
2,b^ 
2,600 
2,713 

1.7®! 
1,»46 


1,900 
1,670 
1,912 

1,3£7 

5,626 
5,A50 
5,426 

5,570 

3,626 
3,000 

3.S12 

3,730 

3,400 
3,450 
3,^6 

3,403 


3,6U 
3,650 
3,375 
3,625 

2,5,'iO 
3,000 
3,135 

2,a» 

1,«25 
1.350 
2,250 

i,rs 

2,175 
3,325 

2,400 

2,300 

5,135 
4,900 

4,850 

4,95i 

3,600 

3,ei5 
S.iiTiO 

3,6(W 

3,5^ 
3.5i)0 
3,  €75 

3,575  I 
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Tmbim  lX''.^Tmrigv^M  airifngih  of  the  mf/rUir»  't/B^  mndM. 


tv  maii.  * 


u..i 


1:4 


IJM 


4.^. 


tX- 


ii'Mkinwi)*,.. 


ikn.. 


i-i.. 


1,M.. 


an 


1:4..,. 


Cvmeiit 


tS}t^» 


1.12       13M» 


1.09 


ll;!.. 


J:l .,„ 


Avi!!t«g«  , 


t,H 


las-^ 


LSIMa 


lSft-9 


IW-A 


ie-10 


laft-ii 


lai 


lM-13 


70, 7  i      W.I 


flO.S 


6A.9 


71.6 


7L6 


04.2 


09,  a 


(per 


I  TrunayeTf^  eiTCQKth  fpQimda  peer 


131^13 


au 


S.9 


a.s 


».9 


0.S 


H.a 


H.9 


.7 


a.3 


576 
73D 

MS 

A04 
4H« 

Am 

mi 

471 
«4g 


4ti 

450 


^4 

5&4 
708 


1,006 

i,06d 


756 


fi76 

mi 

540 


2S 


792 

n4 

774 
780 

d4^ 

iriiH4 


8  to 
73S 


90         ISO 

d^JB.      cUfB,     dtb^K. 


Mis 

t>l2 

.558 
7fl2 


91S 
»^ 

7(Ri 
fi&4 

i,n»ti 

l,U6 


720 
B04 

738 
756 


liA8 

A40 


1  For  detail*  of  field  origin  of  sand  samples  see  pp.  43-52. 

^  Id  tests  marked  *'  sifted  "  all  sand  used  was  sifted  through  No.  30 

19715— Bull.  331—08 6 


75« 
SS4 


648 
t6\ 


66fi 

664 
61(6 

mi 

666 

013 

624 

fiTfl 
684 
73« 


1.116 
l//*4 
1,2S4 
1,188 

S46 

H4ti 
876 

l.a6{* 

1,314 

1.098 
1,1,^ 
1,044 

1.098 

1,080 
1,098 

i,o&a 

648 
664 


1,116  1,011 
1,008  IJltl 
1,044     U062 


1.V74 


»1M 


%m 

792 

»28 
864 

HIO 
H28 
792 

858 

810 

0^ 

1.00i> 

720 

1,008 

1,044 

973 

900 

1,008 

SZ8 
756 
T74 

lfi8 
396 

786 

4Ka 

846 
702 

i»0 

(Cfi 

1,221 
1,18S 

i»i8a 

1,116 
1,170 
1.116 

i,m 

i.aoi 

1,342 
1,224 

U224 

1.224 

i.m 

i^sae 

9r2 

l,fM4 
996 

9^ 

&4£ 

set 

866 

fiss  \    mo 


and  over  No.  40  size. 
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Tabls  IXr. — Tramtrerse  Mraigth'of  the  nutrtaraqf^g  safuU — Continuitl. 


SrUrk. 


M.  7. 


KatLuof  L'i^ment 

to  MlIlL 


YleW, 


l.H 


Cement. 

N'o. 


Avi-r 


1  :;*, '    l,tH 


A  vrrngv , 
1t4 


A  vt*rftjt;e , . 


Avrmw 


1;:L 


AVCTHK*' 


Av«"niu<' 


AViTHk'l' 

:1 


IJtt 


Tempe»tiife 


I  WAtcr. 


134-11  I     71,  a 


JiUl-i  ,      75.2 


n^-1^  I    ;!j.2 


litl-14        77.0 


i:t4*lA        TT.U 


i!H-ia 


i»i-n 


77.0 


n.o 


ia4-lM  I      77.0 


Avenijjf ' 

i:5.-iftiMl, 1     VM-VJ        7H.8 


AJr. 


WftCer 
(per 


l'M-2l         77.0 


75.2 


7a7 


7L«       av 


74.6  14.3 


7G.1  I        KV 


HU.a  I        H.9 


io.a       Its 


75.2  R.» 


B,9 


TntiiiTisixe  flttmnetli  (pouiidit 


2» 


K2.4  I        8.9 


l.ir,       i:vl-i>0        75.2        73.4  ,        8.9  , 


'.0  I        8.8 


AveniK*' I 

lilt'sifti-^l. '    1:^1-22'      78. s  I      7:i.  1  8.9': 

AvcraK^' ' ' I 


774 
&» 

ftre 
m 

MO 
MO 


MO 

&43 


441 


4m 
474 

432 


4f* 
4tW 
414 

4.'i0 

Am 

468 
604 


684 
702 

G90 
648 

r>58 

MO 
W2 

.v» 

576 
.V*2 


8^ 

864 

1,<M4 


90         IKl 


1. 1J>2 

1,1^2     U4J^    1, 


1,.^>V    1, 
l.3li>    1, 


mi  «ft>     1.1M4  L 

8S4  ¥Pi     l.ll^  I 

75e  sa       !^>  K 

^2«  '  924  .  !.(»>  U 


4»tt 

720 
512' 


StO 


.Vim 

75ii 


930  l,fX»  l.(^M  1, 
J?.>4  J,  044  97:  K 
1,206     I.IHI     1, 


^2  l.lie     l.aih 

730  9lti  j      W6 

7D2  990  I  1.02* 

TSa  Ml        flJ* 


»« 


570  '     fm\ 


dl2 
5^ 


l.OMI         9?1  I 

9M         «t» 

966       Hfte* 


IJM  <  ],044 
1.200     1,170 

1,026    uam 


1,2&I6     1 


Ul£2  t.OM  l,3M    1 

1,00§  UDU6  l.^'l  , 

792  l,0fi2  1,116 

810  918  l,l7lt 

870  1.002  :  1.170 


648  I 
576  I 
612 

612  i 

720  ,      918 
792     1,062  i 


?J0  I 
792  I 
810 

774 


702  ' 

738  I 

612 
612 
630 

618 

612 
612 

648  ! 


972  I 
984 

792  I 
846  ' 
756 

79K 

612 
702 
828 


624  i      714  i 


7.-16 
864 
774 

T» 

882  ': 
972  '  1 
846 

900 

861  ; 

846 

996 


684 

702 
684 

690  1 
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Taalb  IXc — IVaii»cvr«$  drcngih  ufUie  ttwriarx  q/j^^  mitid» — Coatinued. 


It 

lleld. 

Cement 

Tranffireree  irtri*njrth  (poun<1s  par 
PQUiire  Inch) . 

Ko, 

W»ter. 

Air. 

7 
d»yf. 

clays. 

1,152 

1.044 
MIG 

1,104 

1,OOS 

1,0(» 

91S 

g&t 

1,00$ 
8S2 

948 

90O 
91S 
954 

U24 
900 

Win 
mi 

99i 

918 

963 

900 
906 

702 
720 
792 

eoB 

702 

flia 

6£0 

756 
730 
756 

744 

IV7« 
55S 
630 

58S 
4fi« 

mi 

450 
474 

504 

012 

90 

1,2frf) 
1,382 
IplM 

1,^260 

1,^42 
1,020 

him 

1,152 

l.Sfift 

1,224 
1,320 

1,134 

iloiw 

1,00ft 
1,080 

1,206 

hom 
hfm 

1J2& 

1,206 
1,440 
1.332 

1,326 
990 

i,oea 

1,0W 

1,206 
1,062 
1,116 
1.12S 

973 

91S, 

9l« 

m 

1*026 
918 
flOO 
»4a 

9» 

900 

906 

396 
486 
360 

4U 

sm 

4M 
W2 

E64 

180       SfiO 
dayit    dayt. 

|I;S„„, 

l.Ut 

lUM 

TS-ft 

a2.l 

&9 

864 

792 

fi58 
^ 

64» 
»0 

i^lO 

TUfi 

Gift 

*W 
AIM 

7» 

«M 

MO 

«flfl 

5&S 
594 

m 

5e& 

730 
666 

504 
57S 

630 

eoo 

76A 

690 

S96 
504 
486 

462 

ir24 

324 

522 
4M 
4S0 
485 

1,1^ 

ATCfHgC*.*^. 

1.296 
1,332 
1,272 

t,St4 

1,314 

hm 

1,401 

1,^0 

SA4 

1,00ft 
93« 

036 
1,224 

ils^ 

1,S14 

1,1M 
1,5B4 
1,242 

1,20S 
91» 

m 

9S6 

1H2 

l.«»2 

1,0M 

990 

1.044 

900 

m 
m 

1,044 
1,00ft 
1,036 
1,026 

•m 
7oa 

79a 

756 
756 
720, 
744 

B40 
684 

612 
612 

1-. 

IH»«'«w.^.-^>. 

19V« 

;».»^ 

mke 

1^.3 

AvitHVe ^ 

A:a.....». 

aw 

l»-6 

7!».^ 

n.o 

8.9 

ATVT1I|P^....-. 



^< 

1-4. .„ --, 

136-7 

7(1,* 

7a.a 

«.«: 

ATvas9 

l»j„ „ ^ 

1,21 

HM 

78.S 

iO,i 

S,9 

Avten^  ^ 

'"/." 

I-4„,.,, 

«M 

m» 

77*0 

«*3 

i-^ 

Avc^n^fe .  ...n.. 

t:St>4ft«d) 

13fi-14 

«0.« 

M.2 

8.3 

At^  irn^  <...-- 

|ia.„*.„— 

Lll 

laUET 

™.. 

M.2 

&9 

AremiEe..-.^^ 

■""*"* 

1 

1:4, ,^. ♦,*,,,-*. _ 

m-fi 

"aMl 

m.4 

E.E 

1 
♦"1 

AvcnHVA^.w.^ 

l:S(8dffad) 

1»4S 

,    m.A 

tt.4 

B.9 

AiM...-.^~^*-«..~ 

1.1A 

ijfi-i» 

t7,0 

6«.0 

8.9 
8.  a 

l:t , 

*.. 

A  veikfe 

l:Ii4llMl) .. 

ttt^7 

77.0 

tiH.O 

»,VI 

AVi?f»f»*.*-« 
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Table  IXc. — Trangverse  ttrtngth  of  the  moriar$  offtmndn — Contiiiued, 


trr 
So, 


K^tio  of  t^enoeni 


BiL  U\. 


Sd,  17.. 


Sti.  '2-2. 


1:3. 


lr3(BirU9d). 


;3 


1:1 


Average . . 

1:8 (sifted)  . 

Average.. 
1:3 


Average . 
1: 1 


A  vtTHKt; . 
1  -.a  (sifte«l) 


Avcragr, 


VJdd. 


I.W 


1.27 


No. 


135-^ 


136-3 


Wftter.     Alf. 


Ih.'l 


Watcf 

(l>er 


K.9 


77. » 


73.4 


ft.S 


IkS 


77.t ;    mi ;     s.i 


7H.8  I      80.6 


136-2  80.6         82.4 


8.S 


8.9 


1.11 


68 


11.5 


Tmnsrene  fttrenglh  fpontiitf 
itqiiare  meh). 


11.0 


65  68  11.5 


7  28     j     90     '     IKI 

dayfl.    d&^H.    dAti^,    da>>.   ij 


ft4« 
J«2 


1,080 
1,134 


],0M         9?J 

l.aift     l.OtH 


)%5K     1,122     ],lti4 


702 

774 


7«0 

774 
ft76 
R2H 


l^Oli 
972 


054 

mi 


726       mi 


4m 

432  ' 
468 

468 
4^ 

432 

468 
300 
S78 

402 

mi 
bn 

mi 

686 


896 
898 

897 

896 
414 
428 

411 


BH 

7M 

64% 
T20 

706 


»;i  1.M4 

UOhO  I^O-ifi 

IJ."^  1.0^ 

1.032  1p(U4 


V3£ 


756 
I,O0«t 
1,044 

99H  I      8H 


^10  WO 

ft3i  ir72 

sae  t,ot4 

S-iK  972 

7W  ^ 

816  96G 


612  '  796  was 
066  720  '  900 
fi04         756     t»0a6 


624 

882 
B96 
655  : 

891 

612  ; 
666  I 


686  I 

630  I 

648 

621 


744 

l,tH4 
J. 008 
1,017 


vri 

1,0(W 
L023     1.008 


810 
864 
882 

852 

882 

9541 
864 

900 


846 

846: 

900  ' 

I 
864  I 

I 
774 
810 

R82 

822 
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X. — Chemical  analyses  of  dU  contained  in  17  sands,  in  11  gravel  screenings,  and  in 
i^4  stone  screenings 
[Values  expressed  in  percentaiires.] 
SILT  CONTAINED  IN  SANDfta 


r  No> 


09. 7B 
16.46 

90.  m 

3^7,46 
37.40 

7.li 
m.sa 

57.  W 

f7.7S 
1^7.93 
42.  T« 
4L74 

«L40 


9.93 

10.  (M 

S.90 
6.20 
fi.«9 
14.69 
6.77 
1.A6 

10.60 

VL€ii 
6.fi3 
7.10 

a.  12 


! 


1*1 


3.12 
6.14 
4.17 

1.36 

4.H 

1.27 

7.99 

.66 

M 

2,87 

.71 

S.27 

b.l& 

6.22 

7.ao 

8.00 


SO 


K3 


a  SI 

.17 
.11 

.Ift 

.28 
.59 
.54 
.11 
1.30 
AA 
.47 
.20 
,74 
.61 
.SO 


Lime 
(CaO). 


4>» 
12.2a 

19.88 
m2S 
17. 13 
16.64 
13.82 
27.79 
28. 6« 
17.06 
12.fi3 
16.76 
7.60 
12.50 

12.711 


(MgO). 


2.1J* 
5.a-J 

11.30 
10,82 
10. 1« 
9.97 
7.90 
IR.  74 
ia43 
4.06 
4.56 
4.96 
3.04 
7.02 

6. 82 


Alk&liei. 


NM). 


O.IQ  0.72 

.09  .m 

.10  .37 

.22  I  1.04 

.17  1  .70 

.3a  1.(3 

JO  I  ,32 

.10  I  1.76 


.27 

,m 

.37 
1.04 

.03 
.19 
.71 


KiQ, 


1.51 

i.eo 


1.^2 

.90 

1.7fl 

1.52 

.n 

.44 

l.M 
.41 
1.06 
2.19 
l.M 
1.73 
1.6« 


SILT  CONTAINED  IN  GRAVEL  SCREENINGS. c 


,,  BIJ 

J  tLSD 

*  loieii 

.1  4S.90 

.1  29.24 

.  37.30 

.:  19.40 

.  4L6S  : 


9.10 

2.04 

0.80 

U.fi6 

1.96 

ai7 

1.51 

O.M 

L61 

1S.«^  i 

&.S8 

.S« 

.as 

2a,70 

S.90 

.04 

.&fi 

1.22 

.fil 

29.87 

tk20 

1.S8 

.74 

U.6e 

3.  IS 

.05 

.&5 

1.53 

.38 

26.04  i 

7.98 

3.94 

.46 

20.68 

9.07 

.09 

.67 

l.fll 

.58 

26.1*0  I 

9.77 

3.25 

.14 

13.30 

t.-n 

.OSi 

.17 

2.01 

.ft7 

20.57  1 

6.16 

3.U« 

.71 

23.16 

8.14 

.17 

,46 

.m 

.4!? 

27.5!i 

8,75 

l.r*l 

.^2 

22,24 

7,tt& 

.3.^ 

.S3 

1.12 

.42 

28.  m  ' 

5.24 

%m 

.22 

25.28 

6.02 

,14 

.41 

.78 

.51 

^9.59  1 

1X74 

1.46 

.S7 

A,  36 

a.  42 

.22 

.69 

1.91 

.52 

J2.22  1 

11,  »7  1  B^m 

.40 

15.32 

6.43 

.09 

.20 

2.15 

.52 

20.44 

'    12.02 

4.4» 

.66 

14.20 

6.20 

.05 

.£i3 

1.9« 

.63 

18.09    - 

i  4^00 

1  4.11 

1.06 

.67 
1.81 

.77 
1.15 
2.11 
1.67 

.88 
l.ll 


SILT  CONTAINED  IN  STONE  SCREENINGS.** 


J  2L!^ 

-I  10.  S9 

.  7,20 

.i  6.05 

J  13.40 

-I  HllQ 

.  i4.«l 

.;  47.56 

,  46.64 

.  lSi.M 
7.16 

.  24.92 

.  9.02 
2&,72 

.  12.0ft 

,  16,90 

.i     16.68 
-!    14.28 

i.m 

17,14 

10.  Its 
IS.  12 


H.40 
U95 
.23 

2.60 
7.fi0 
3.91 
.69 

6.51 
3.40 
8.79 
8.10 
8.96 
192 
16.94 
7,11 
4.61 
3.31 
6.19 
1.43 
4.04 
3.01 
2.70 


2.»7 

.63 

.58 

t.^ 

.71 

.81 

3.82 

1.97 

2.27 

1.71 

2.70 

4.41 

3.42 

3.W 

4.12 

2.?2 

1.36 

,91 

2,05 

1,73 

1.86 

4JH 

.40 

l.»4 


0,37 


.37 

.87 

.50 

1.24 

1.84 

l.W 

.74 

1.34 

.14 

.2'! 

.4» 

.20 

.40 

.ai 

.43 

,36 

.4a 


35.53 

3,86 

d&,m 

1.81 

47.50 

1.42 

47.50 

3.70 

4i>.  48 

.47 

10. 14 

A.  7 1 

22.53 

1.8:; 

20.00 

4.23 

16.52 

5  73 

21$.  49 

a.  71 

46.0ft 

1.2S 

31.13 

,17 

45.00 

.14 

18.29 

8.36 

'M.^ 

12.98 

2. 16 

.52 

i^.m 

13.92 

22.  ^il 

17.  (>5 

28.00 

13.41 

26.24 

13,04 

^,(X1 

17,99 

3n.?40 

4.21 

29,  IH 

U,f^ 

39.22 

4,87 

1.85 
.56 
.12 

1,01 
.19 
.14 

3.52 
.12 
.12 
.99 
.12 
,07 
.14 

3.74 

1.07 
.15 
.16 
.24 
.22 
.20 
.08 
,46 
,09 
.15 


lough  silt  present  in  sands  2,  21,  and  22 

ds,  and  no  chemical  analysis  was  made 

lands  5  and  16. 

!tails  of  field  oiisln  of  samples  nee  pp. 

» sands,  pp.  80-86  as  to  gravels,  and  pi>. 

:o  stone  screenings. 

lOugh  silt  present  in  eraTel  2  for  analysis. 

?inu»l  analysis  of  silt  in  8e.  6  was  made, 

trace  was  present 


<  Undetermined.  1.87. 
/  FeS,.  3.65;  ZnS,  3.79. 
9  Undetermined.  2.18. 
*FeS,,  1.57:  ZnS,  8.20. 
i  FeSs,  0.28;  ZnS,  9.29. 
iCO,,  86.21. 
fc  CO,,  86.76. 
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Table  XI. — Uniformity  coefficients  of  SS  sands  and  of  IB  gravel  screenings. « 

SANDS. 


Regrifrter  No. 

Uniformity 
coefficient. 

Voids. 

Density. 

0.738 
.780 
.794 
.742 
.752 
.760 
.763 
.769 
.754 
.789 
.732 

Register  No. 

Uniformity 
coefficient 

Voids. 

34.0 
28.0 
81.6 
81.6 
84.6 
36.4 
84.5 
81.6 
84.9 
40.9 
40.5 

Density. 

Sd.  12 

7.576 
6.382 
5.6*25 
5.465 
5.436 
5.105 
4.957 
4.909 
4.879 
4.450 
4.273 

33.5 
36.0 
28.0 
32.5 
36.1 
29.7 
30.7 
31.4 
28.9 
26.9 
31.9 

Sd.  18 

4.200 
S.969 
2.978 
2.786 
2.788 
2.700 
2.55ce 
2.833 
2.822 
1.706 
1.092 

0.735 

8d.  11 

Sd.4 

.MH 

Sd.20 

Sd.6 

.766 

Sd  1     .  . 

Sd.lO 

.743 

Sd.  3 

8d.5 

.752 

Sd.l6 

8d.22 

.709 

8d.  8 

Sd.l7 

.70( 

Sd.9 

Sd.7 

8d.2 

8d.2l 

Sd. 15 

.730 

Sd.l3 

8d.l9 

Sd.  14 

.75$ 
.7« 
.67« 

GRAVEL  SCREENINGS. 


Ql  3 

19.78 
13.07 
9.00  1 
8.78  i 
5.74  1 
5.60 

38.6   . 
27.9 
31.0 
29.0 
25.5 
•23.0  . 
1 

0.772 
.768 
.771 
.796 
.783 

1 
Q1.12 

5.26 
4.96 
8.85 
2.  OS 
1.99 
1.80 

26.5 
29.7 
22.1 
83.2 
84.8 
32.8 

0.781 

Ql.  6 

G1.5 

.7M 

Gl  2 

GJ.4 

Gl.l 

G1.9 

.8M 

Gl  11 

G1.8 

.741 

Gl.  10.  . 

1  G1.7 

.781 

n  For  details  of  field  origin  of  sand  samples  see  pp.  48-52;  of  grayel  lunples,  pp.  80-86. 


Table  Xll.— Average  physical  properties  of  B£  sands,  of  IB  gravel  screenings,  and  ofiS 
stone  screenings^  and  their  mortars,^ 


SANDS  AND  THEIR  MORTARS. 


RegiNter  No. 

Density. 
2 

Granu- 

larmetric 

curve. 

M  asured 
voids 

Weight 
per  cubic 

Strensth  of  1:8   mortar  it 
180  days  (pounds  per  squsit 
inch). 

cent),    (pounds). 

TensQe. 

Compres- 
sive. 

Tnu». 

1 

8 

4                6 

6 

1               8 

Sd.  4 

Sd   **0 

0.808 
.794 
.789 
.769 
.766 
.763 
.760 
.756 
.7M 
.  752 
.752 
.743 
.742 
.738 
.736 
.732 
.730 
.730 
.709 
.704 
.700 
.676 

21 

13 

17 

15 

10 

18 

22 

11 

20 

14 

12 

4 

6 

19 

6 

7 

8 

16 

9 

3 

2 

1 

28.0          116.4 
•28.0  1        116.5 
26.9          119.9 
31.4          110.5 

81.6  113.5 

30.7  1        114.6 
'29.7  1        119.6 
34.9          107.7 
28.9  ;        119.5 
36.1.        103.8 
34.6           104.8 

781          ejfti 
670          6,200 
778          6J19 
488          2,934 
614          4. 12^ 
720          7,.^^ 
005          7aOf4 
809          5.3*«) 
668          7.  m 

496       ^,im 

420          4,752 

488        i,tm 

416          SCTT 
001          r>,125 
560          3.667 
484          4.075 

1.211 

Sd   19 

Sd.  9 

Sd.  6 

Sd.H 

Sd.  16 

Sd.  2 

.S<i.  13 

S<1.  3 

Sd    5 

m 
1.4a 

908 
1.814 

Sd    10 

31.6 
32.5 
35.5 
34.0 
31.9 
31.6 
36.0 

34.6 
40.9 
40.5 

110.0 
109.8 
106.5 
106.5 
lli.O 
116.0 
108.8 
98.8 
106.5 
89.0 
95.5 

S«l.  1 

S^l.  12 

Sd    18 

l.OM 

Sd.  14 

LOM 

Sd.7 

Sd   11 

006          \788-          I'M 
706          ^,067           I,2tt 

Sd.  22 

407          4.968           !,« 

Sd.  17 

406          4,742  i         LOn 

Sd    21 

880          I.BS2 

8S1             '}  SSBL 

' 

S*i    15 

7tt 

"  l^'or  detnil.^  of  field  orlj^in  of  Hand  samples  see  pp.  4.^1-52 ;  of  gravel  Bamples,  pp.  80- 
si\ :  of  stono  HcroeulnKs,  pi>.  l>.'i-lo(5. 
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ABU  Xll.'-Arerage  pkjfdcal  properiiet  oftf  9ands^  of  If  gravd  tcrtenmg^^  and  of  96 
9Ume  9ereenmg$^  and  their  moiior*— Continued. 

GRAVEL  8CRKENIN08  AND  THEIR  MORTARS. 


Rffliiter 

Rch 

Demtty. ; 

(per 
isent). 

Weight 

per  cubic 
toot 

S£ri?rtfftli   of    1:3  mortar  at 
ie»o days  (pound!  per (H|uji  r« 
inch). 

Ttiudle^ 

TiBnH- 

1 

3 

■ 

4        ' 

ft 

fl 

' 

H 

1 

" -^ 

o.7»e 

.791 
.7KI 
.774 
.TTi 
.771 

,7a 

.7» 
.76A 
.74« 
.741 

11 
12 

10 

1 

27.9 

91.0 
».« 

».7 
27,9 

122.  & 
117.  a 

11S.4 

ims 
iia.D 

11&& 
117,1 
115.3 
1U.9 
11L& 
102.  fi 

737 
CM 
733 
€90 
«17 
601 
636 
7Q& 
647 
M« 
476 
426 

a.6ff7 

«,SB2 

%m 

7,4A0 

JI,OT4 
$,&70 

4,05i 

a 

*  *' 

' 

* 

""" 

STONE  SCREENINGS  AND  THEIR  MORTARS. 


0.774 
.7«l 
.7» 
.767 
;75S 
.7fi6 
.763 
.TGa 

.7sa 

.74A 
.74fi 
.743 
.740 
.740 
.737 
.'HQ 
.7315 
.72fi 
.721 
.719 

^ 

l.".7^''^v^"v."l 

1 

J 

!_,„,,., ,_ 

16 

34.6 

105,5 

793 

6.307 

1.374 

IS 

Sl.S 

109.3 

7B7 

7,394 

l,2lg 

21 

1         33.1 

109.  J^ 

TOO 

3.Mg 

l.3» 

19 

35.  i 

104.3 

€&i 

0,042 

1.333 

14 

36.1 

102.7 

677 

b,7m 

t/J&6 

22 

36.0 

ia&.5 

W9 

8,644 

1,003 

3 

m» 

10^2.6 

790 

5,430 

t,560 

11 

3a# 

110.3 

8S6 

6,417 

3,1182 

17 

3S.0 

106.0 

316 

1,494 

12 

39.0 

103.3 

033 

6.221  1 

1,33^ 

24 

11.1 

95.7 

701 

4,0&l 

1,248 

0 

3ft.2 

102.3 

807 

^W 

1.3M 

7 

39.4 

ioa,6 

707 

3^2» 

fi 

32.1 
38.2 

12D.0 
W.7 

7«7 
545 

4,972 

20 

4 

:rT.o 

103,.'^ 

MN 

6,500 

1,410 

S 

a.%1 

1U5.3 

717 

(i.  itm 

1.440 

23 

37.0 

K7.2 

«60 
7W 

4,681 
A,2ftl 

H 

1.332 

10 

37.5 

lOli.3 

924 

7,3N1 

2 

42.1 

^,h 

613 

3,757 

018 

£') 

4L8 
41.0 

1UL1 
97,4 

715 

3.913 

1 

15 

31.7 

UW.H 

.'i75 

5,313 

1.014 

t^ 

3.'i.2 

ItW.ii 

Wi 

4.9W 
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ACKNOWLEDGMENT   OF   DONATIONS. 

Tie  12  samples  of  gravel  used  in  the  inv(*stipitions  of  gravel -screen - 
■i  mortars  reported  in  this  bulletin  weiv  <reneronsly  donated  hy  the 
owing  firms  and  companies: 

Bnokeye  DreclKlnK  Conipnny,  ColiiuibuH.  Ohio. 

Carey  Coiistriietlon  Comi»any,  Cleveland,  Ohio. 

Win.  r.  rarniicliael.  Attica,  Ind. 

Flrnilnj:  &  Co.,  Clnclimatl,  Ohio. 

i\  H.  Little  &  Co.,  Detroit,  Mich. 

I^iveland  Sand  and  (Jravel  Company,  I^)velnn4l.  Ohio. 

M«K)re»-C«oney  Company,  Cincinnati,  Ohio. 

Mound  City  Gravel  Coniimny,  St.  I^)ul8,  Mo. 

N«*w  I'nlon  Sand  Company,  St.  lA)nis,  .Mo. 

Ohio  and  Michigan  Gravel  and  Sand  Company.  ToIhIo,  Ohio. 
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:metiiod  of  collection. 

The  methods  of  collection  and  shipment  were  the  same  as  thos^ 
nstul  with  the  samples  of  sand  (p.  42). 

Tho  material  in  ahnost  every  sample  represented  the  run  of  banl-s 
or  bar,  many  samples  having  pebbles  as  large  as  2  inches.  For  xh^' 
purpose  of  making  mortar  only  the  material  that  passed  a  J-incl  i 
screen  was  used.  A  complete  description  of  each  sample  of  gravel , 
together  with  ilhistrations  from  photographs  of  the  screenings  (actual 
size),  is  given  in  the  following  pages.  All  the  screenings  were  sub- 
jected to  the  usual  physical  determinations  and  were  mixed  witli 
typical  Portland  cement  to  make  mortar  test  pieces. 

DKSCRIITIONS   OF   GRAVEL   SCREENINGS. 

Register  No,  Gl.  i. — A  sample  obtained  from  a  recent  deposit  of 
river  gi-avel  at  the  Moi'sches  Spur  Bar  in  Meramec  River  was  desipr- 
uated  (il.  1.  A  dipper  dredge  was  operated  over  a  space  14^00  fH*t 
long  by  75  feet  wide,  transferring  the  material  to  scows  or  cars  for  de- 
livery to  St.  Ijouis  and  other  points.  In  handling  the  material  by  tlic 
dredge  no  attempt  was  made  to  wash  out  the  silt. 

Only  42  per  cent  of  the  sample  received  at  the  laboratories  passe^l 
the  J -inch  screen,  and  no  portion  of  these  screenings  passed  the  No.  80 
sieve.     As   shown   by   the   granularmetric   analysis  curve    (fig.    ir>. 
p.  8:^),  and  the  ilhistration  (PI.  VIII,  6^  p.  54),  the  screenings  are 
very  uniformly  graded.    There  is  practically  no  fine  material  (smaller 
than  the  Xo.  SO  sieve).    The  percentage  of  voids  is  29;  the  weight  i^er 
cubic  foot  is  llii.5  pounds;  the  amount  of  silt  is  0.15  per  cent,  and  ibe 
yield  in  1  :  »i  mortar  is  1.10.    The  results  of  the  strength  tests  on  mor- 
tars uuide  from  these  and  11  other  gravel  scTeenings  are  gi^'eu  in 
Table  XIII  (J).  8J)). 

li(</ist( r  Xif,  (if.  J, — The  sample  designated  Gl.  2  is  a  recent  river 
gravel  obtained  from  the  Meramec  Kiver  bar  at  Moselle,  Mo.  A 
clam-shell  dredgt*  operated  over  a  space  4,000  feet  long  and  i!,(MiO 
feet  wide  raises  the  material  from  the  bottom  of  the  river.  The 
gravel  is  generally  shipped  to  St.  Louis,  Mo. 

About  ."is  per  cent  of  the  samples  received  at  the  laboratories  passed 
the  ]-inch  screen.  As  shown  by  the  granularmetric  analysis  curve 
(fig.  14),  thcK*  screenings  are  not  far  from  uniform  in  grading  and 
coiilain  but  a  small  portion  of  fine  material,  only  3  per  cent  pass- 
ing the  Xo.  SO  sieve.  The  material  is  illustrated  in  PL  IX,  A.  Tlie 
pei'centage  of  voids  is  31  :  the  weight  per  cubic  foot  is  118.5  pounds: 
the  amount  of  silt  is  O.iM)  per  cent,  and  the  yield  in  1:3  mortar  is 
1.14.  The  results  of  the  strength  tests  of  mortars  made  from  these 
gravel  M-reenings  are  shown  in  Table  XIII. 
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Register  No.  Gl.  3. — The  sample  designated  Gl.  3  is  a  mixture  of 
limestone  and  granite,  and  the  gravel  is  removed  from  a  500-foot 
bar  in  Scioto  River,  Columbus,  Ohio,  by  means  of  an  endless  chain. 
It  is  dumi)ed  on  scows,  hauled  to  a  suitable  point,  and  placed  in  cars 
l)y  a  bucket  and  crane  for  shipment. 


OlAMrrCR  OF  PARTICLES  IN  INCHES,  WITH  NUMBERS  OF  SIEVES 
Fio.    14. — Oranularmetric   analysis   curves   for    gravels   4,    12,    10,    and    2,      Results    for 
sieves  Nos.  10,  20,  30.  40,  50,  80,  and  100  shown  by  solid  lines;  for  Feret's  two-sieve 
method  by. broken  lines;,  unlform-grude  lines  shown  by  dots  and  dashes. 

As  received  at  the  laboratories,  this  material  was  supposed  to  range 
from  IJ-  to  i-inch  material.  On  analysis  it  was  discovered  that  V2 
|)er  cent  of  the  material  would  pass  the  J-inch  screen,  and  this  portion 
was  used  in  the  mortar  tests.  As  shown  by  the  granularmetric  analy- 
j-is  cuFA'e  (fig.  16,  p.  85),  these  screenings  are  very  uniformly  graded, 
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although  10  per  cent  passes  the  No.  80  sieve.  The  illustration  (PI 
IX,  B)  also  shows  the  uniformity  in  grading.  The  percentage  o: 
voids  is  88.0;  the  weight  i^er  cubic  foot  is  102.6  pounds;  and  tin 
amount  of  silt  is  1.4  per  cent.  The  results  of  the  strength  tests  o: 
mortars  made  from  this  gravel  are  shown  in  Table  XIII  (p.  89). 

Register  No.  Gl.  4- — The  sample  designated  Gl.  4  was  obtained  a 
Loveland,  Ohio,  from  a  gravel  bank  about  1500  feet  long  and  (U 
feet  wide,  which  was  part  of  a  glacial  deposit.  The  material  is  ex 
cavated  by  a  steam  shovel  and  shipped  to  Cincinnati. 

The  gravel  received  at  the  laboratories  was  that  portion  whicl 
passed  a  1-inch  scTeen,  and  alwut  one-third  of  this  passed  the  J-incl 
screen.  The  granularmetric  analysis  curve  (fig.  14,  p.  81)  show: 
that  about  40  i)er  cent  of  the  i-inch  scTeenings  of  this  material  passe( 
the  No.  20  sieve,  and  5  per  cent  passed  the  Xo.  80  sieve.  The  per 
centage  of  voids  is  30:  the  weight  per  cubic  foot  is  117.1  pounds;  th« 
amount  of  silt  is  2.67  per  cent,  and  the  yield  in  1:3  mortar  is  l.l.i 
The  results  of  the  strength  tests  of  mortars  made  from  this  grave 
are  shown  in  Table  XIII.  The  screenings  are  illustrated  in  PI 
IX,  r. 

licffiAtcr  No.  (rl,  J. — The  sample  designated  Gl.  5  is  obtained  fron 
a  deposit  of  river  alhivium  and  glacial  nuiterial  spread  over  abou 
10  acres  near  Cailhage,  Ohio.  This  material  was  excavated  by  picl 
and  shovel,  and  shipped  to  Cincinnati  and  vicinity.  It  contain: 
but  a  small  proportion  of  coarse  particles,  and  it  is  generally  passe( 
over  a  j-iuch  screen  and  the  screenings  used  as  sand. 

Of  the  sample  received  at  the  laboratories  81  per  cent  passed  th( 
[-inch  screen.  As  shown  by  the  granularmetric  analysis  curve  (fig 
15),  only  2  iK»r  cent  of  this  material  passed  the  No.  50  sieve,  an( 
(he  remaind(»r  of  the  grading  followed  the  general  direction  o 
the  uniform-grade  line.  The  ]H»rcentage  of  voids  is  29.7;  the  weigh 
j)er  cubic  foot  is  115.3  pounds:  the  amount  of  silt  is  0.4  per  cent,  an( 
the  yi(»l(l  in  1 :3  moilar  is  1.15.  The  results  of  the  strength  tests  o 
mortars  made  from  these  screenings  are  shown  in  Table  XIII  (p.  80) 
This  sample  is  illustrated  in  IM.  X,  .1.  The  uniform  grading  o: 
the  material  and  the  abstMice  of  anything  resembling  dust  or  ven 
fine  grains  are  evident. 

lit'f/isicr  No,  (rl,  (L — Sample  designated  Ol.  G  was  obtained  fron 
an  jilluvial  and  glacial  <lep()sit  at  Ludlow,  Ky.,  the  area  worke* 
Inking  iMM)  feet  long  and  70  f(»et  wide.  The  gravel  is  a  mixture  o 
natural,  ungraded  bank  gravel  and  sand,  with  particles  as  large  a 
1|  inches. 

The  sample  received  at  the  laboratories  all  passed  the  J-incl 
screen,  and,  as  shown  by  the  gramdannctric  analysis  curve  (fig.  15) 
31  p(»r  cent  passtnl  the  Xo.  30  sieve.  The  percentage  of  voids  i 
^7.9;  the  weight  per  cubic  foot  is  120.8  pounds;  the  amount  of  sil 
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is  2.85  per  cent,  and  the  yield  in  1:8  mortar  is  L22.  The  results 
of  tbe strength  tti^ts  of  mortar  made  from  these  screenings  are  ahowu 
in  Table  XIII,     This  sample  is  illustrated  in  PL  X,  B. 

fitgutir  Xo*  OL  7,— One  sample,  dt^sigriated  GL  7,  was  obtained 
frf»Ri  n  gkaal  deposit  at  Chilsoii,  Mich.,  and  was  excavati^d  by  *^tearn 
^yt\  from  a  pit  530  feet  lon^  and  30  feet  wide.     The  nm^jf-bank 


«%?i 


If 

iUAMETER  OFRAmiCLES  IN  INCHES  ,  WITH  NUMBERS  OF  SIEVES 
Fifl.  15. — Qranalarmetrlc  analysis  carves  for  gravels  5,  6,  11,  and  1.     Results  for  sieves 
Xoi.  10,  20,  30,  40,  50,  80,  and  100  shown  by  solid  lineH ;   for  Feret's  two-sieve  method 
bj  broken  lines ;   uniform-grade  lines  shown  by  dots  and  dashes. 

gravel  oould  not  be  procured,  inasmuch  as  all  the  material  was  sized 
by  a  series  of  screens.  The  sample  shipped  to  the  laboratories  was 
designated  as  a  No.  2  washed  gravel,  and  comprised  particles  be- 
tween three-eighths  and  \\  inches.  The  gi-aded  material  is  used  in 
the  vicinity  of  Toledo,  Ohio. 
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TIk*  commercial  sizing  of  the  gravel  is  not  perfect;  of  the  samj 
received  at  the  laboratories  about  22  per  cent  passed  the  J-inch  scret 
and  scarcely  any  of  it  passed  the  No.  10  sieve.  The  screenings  givi 
very  peculiar  granularmetric  analysis  curve  (fig.  16),  starting 
alM)ul  0  at  the  Xo.  10  sieve  and  going  to  100  at  the  J-inch  scrtn 
They  are  practically  one-size  material  betAveen  the  J-incli  and  the  > 
10.  The  percentage  of  voids  is  32.8;  the  weight  per  cubic  foot 
115.2  pounds;  the  amount  of  silt  is  0.2  per  cent,  and  the  yield  in  1 
imu-tar  is  1.10.  The  results  of  the  strength  tests  of  mortars  ma 
from  these  sci'eenings  ai-e  shown  in  Table  XITI.  These  screen  in 
are  illustrated  in  PI.  X,  C.  It  is  very  evident  from  the  photogra 
that  this  material  is  not  uniformly  graded,  and  also  that  there  a 
practically  no  very  fine  grains. 

RerjisUr  No.  GL  8, — The  sample  designated  Gl.  8  is  another  gra 
of  the  material  just  descril)ed  (Gl.  7).  Commercially,  it  is  regard 
as  a  i-incli  to  g-inch  size,  and  the  gi*anularmetric  analysis  at  t 
lalK)ratories  (fig.  10)  shows  that  this  is  very  nearly  the  case. 

Of  the  sample  received  48  per  cent  was  retained  on  the  ^-in 
screen  and  98  per  cent  on  the  No.  10  sieve.  This  material  is  therefo 
practically  a  one-size  material.  The  percentage  of  voids  is  34.8;  tl 
weight  per  cubic  foot  is  111.5  pounds;  and  the  amount  of  silt  is  0 
per  cent;  the  yield  of  1:3  mortar  was  not  determined.  The  resul 
of  the  strength  tests  of  mortai-s  are  shown  in  Table  XIII.  Tl 
material  is  ilhistrated  in  IM.  XI,  ^1. 

Regii<tev  No,  Gl.  9. — The  sample  designated  Gl-  9  was  obtaiiie 
from  the  shore  of  St.  Clair  Kiver  near  Amherstburg,  Ontario.  1 
was  pumped  into  scows  by  means  of  a  centrifugal  pump  and  tnki' 
to  Detroit,  Mich.  The  sample  shipped  to  the  laboratories  consisti' 
of  screenings  of  approximately  one  size  sifted  out  of  the  materi: 
excavated. 

Tlie  granularmetric  analysis  (fig.  16)  shows  that  practically  a 
the  material  was  retained  by  the  Xo.  10  sieve.  The  percentage  < 
voids  is  30.7;  the  weight  per  cubic  f(K)t  is  117.8  pounds;  the  amou 
of  silt  is  0.7  ])er  cent,  and  the  yield  in  1:3  mortar  is  1.10.  Tl 
results  of  striMigth  tests  of  mortars  made  from  this  material  a 
^hown  in  Table  XIII.  The  ap]Dearance  of  the  material  may  be  ?« 
in  PI.  XI.  B. 

luf/isfcj'  No,  Gl.  JO. — The  sample  designated  Gl.  10  was  obtain* 
from  a  "  wash  "'  on  the  shore  of  Lake  Erie,  near  I^rain,  Ohio.  T 
I'Xtent  of  tlie  deposit  is  indefinite.  Tlie  material  was  handled  1 
pick  an<I  shovel  and  shipped  to  Cleveland.  In  commercial  form  tl 
j)roduct  ranges  from  3-incli  pebbles  down  to  the  finest  sands.. 

(.)f  the  sample  shipped  to  the  laboratories  G2  per  cent  passed  t 
{-inch  screen.  As  indicated  by  the  granularmetric  analysis  cui 
(/i/r,  I4y  p.  SI),  nbont  r)0  per  cent  of  the  scre4»nings  lie  between  t 
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No.  20  aod  the  No,  80  sieves.  The  gravel  is  illustnited  in  PL  XI,  G^ 
The  percientage  of  voids  is  27.9;  the  weight  per  cubic  foot  is  118,0 
poundi^:  the  amount  of  silt  is  0,4  per  cent,  and  the  yield  in  1:3 
mortar  is  1.1^^.  The  rejsults  of  the  stn*n0h  tests  on  mortars  made 
fnnti  thest*  screenings  are  ^hown  in  Tnl^lf  XIII. 
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DIAMETER  OF  FARTiCLES  W  INCHES,  WITH  NUMBERS  OF  SIEVES 

Y\i,.  16. — Granularmetrlc  analysis  curves  for  gravels  3,  8,  9,  and  7.  Results  for  sieves 
Xfi«.  10.  20,  30,  40,  50,  80,  and  100  shown  by  soild  lines ;  for  Ferefs  two-sieve  metliod 
by  broken  lines;  uniform-grade  lines  shown  by  dots  and  dashes. 

Register  No.  Gl.  11. — Sample  designated  Gl.  11  was  obtained  at 
Attica,  Ind.,  from  the  deposit  described  under  "  Sd.  18"  (p.  49). 
Of  the  sample  shipped  to  the  laboratories,  40  per  cent  passed  the 
J-inch  screen,  and  only  28  per  cent  passed  the  No.  20  sieve  (fig.  15, 
p.  83).    The  percentage  of  voids  is  25.5 ;  the  weight  per  cubic  foot  is 
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122.5  pounds;  the  amount  of  silt  is  0.3  per  cent;  and  the  yield  in  1.:^ 
mortar  is  1.20.  The  results  of  the  strength  tests  of  mortars  made 
from  these  screenings  are  shown  in  Table  XIII.  The  uniform  grad- 
ing of  the  particles  is  apparent  at  a  glance  (PL  XII,  A), 

Register  No.  Gh  12. — A  second  sample  from  Attica,  Ind.,  desig- 
nated (t1.  12,  is  a  bank  gravel  from. the  same  locality  as  GL  11.  Of 
the  sample  shipped  to  the  laboratories  86  per  cent  parsed  the  }-inch 
screen,  and  50  per  w.nt  passed  the  No.  20  sieve  (fig,  14,  p.  81).  The 
percentage  of  voids  is  2().5;  the  weight  per  cubic  foot  is  120.8  pound.^; 
the  amount  of  silt  is  0.5  per  cent,  and  the  yield  in  1 :3  mortar  is  1.18. 
The  results  of  the  strength  tests  of  mortars  made  from  these  screen- 
ings are  shown  in  Table  XIII.  The  illustration  of  this  material 
(PI.  XII,  B)  shows  the  comparatively  unifonn  grading  of  the  par- 
ticles. There  is  a  small  amount  of  very  fine  material  present  and  a 
rather  large  amount  of  largo  grains. 

PHYSICAL   TESTS    OF   (iRAVKL    KCREENINOa 

Method. — When  a  sami)le  of  gi-avel  is  i-eceived  at  the  laboratories 
it  is  spread  on  a  concrete  floor  and  turned  at  intervals  until  thor- 
oughly air  dried.  It  is  then  passed  over  a  J-inch  screen  to  separate 
the  coarser  material.  Great  c^ire  is  taken  so  that  no  part  of  the  fine 
material  shall  )>e  lost.  The  ])ercentage  of  the  original  shipment  that 
passes  the  j-inch  screen  is  recorded.  The  screenings  are  used  in  the 
moilar  tests  and  the  residue  above  the  }-inch  size  is  discarded. 

The  screenings  (all  of  which  have  passed  the  }-inch  screen)  are 
submitted  to  tests  for  gi'anularmetric  composition,  peix^ntage  of 
voids,  s]:)e('ific  gravity,  weight  i>er  cubic  foot,  and  percentage  of 
moisture.  TIiest»  r<»sults  are  given  in  Table  VIII  (p.  59).  The  per- 
centage and  chemical  composition  of  silt  are  given  in  Table  X  (p.  77). 

(rtumuhtntu'tnr  (fno/i/.sis, — The  set  of  sieves  for  the  graiiularmetric 
analysis  consists  of  Nos.  10,  l>0,  30,  40,  50,  80,  100,  and  200.  It  was 
found  that  great  care  had  to  be  taken  in  order  to  get  a  representative 
sample  of  each  lot,  cm  account  of  the  tendency  of  the  fine  material  to 
work  to  the  bottom  of  the  mass. 

(rr(i)nil(ii'nutrii-  currcs. — The  granularmetric  analysis  curves  are 
shown  in  figs.  14.  1."),  and  10,  the  ordinate  at  any  sieve  being  the  total 
])erccntage  that  i)asscs  that  sieve.  These  curves  are  arranged  in  the 
order  of  the  segment  included  lietween  the  granularmetric  analysis 
curve,  shown  in  full  line,  and  the  uniform-grade  line,  shown  by  dots 
and  dashes.  The  sample  which  departs  farthest  from  the  unifonn 
grading  is  (U.  4  (at  the  toj)  of  fig.  14,  j).  HI),  and  the  curves  gradually 
ai)proach  the  uniform-grade  line  until  (t1.  Ji  (at  the  top  of  fig.  IC, 
p.  85)  is  n»ached.  This  sample  drops  slightly  below  the  uniform- 
grade  line  at  the  No.  10  sieve,  and  is  slightly  above  it  at  the  other 
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smm,  but  very  nearly  coinoides  thnnighoiit  the  entire  length.     The 

lht¥*e sampler  following  G1.  3  iti  fig.  lf>  are  nither  coar:^  and  contain 

jiractically  no  material  under  the  No,  10  sieve.    The  granularmetric 

analysis  cuires  for  these  s^aniple^  tHinKisi  practically  of  a  short  line 

£;tarting  at  0  at  the  No,  10  sieve  and   inclining  toward  100  nt  the 

I -inch  iitreen.     In  these  charts  the  mechanical  analysis  curves  by 

ni^dns  of  Feret's  two-sieve  method  are  shown  in  broken  lines. 

Cfmipnrhon  bettreen  mmnffreJ  and  com  pitted  rtnd*s, — In  the  ileter- 
m Illation  of  the  percentage  of  voids  and  weight  pfT  cubic  f<x)t,  three 
independent  determinations  were  made. 

In  order  to  uiFord  a  basis  of  comparison  iK^ween  the  measured  voids 
stnd  the  computed  voids  the  latter  were  computed  l>y  means  of  the 
sj>et*ific  gravity  and  the  weight  per  cubic  foot,  as  explained  under 
^*  Phy sicH  1  t QSts  of  sa n d s  ■ '  { p,  55),  The  m ea si i  ret  1  n  n A  ct  > ui jj u t ed 
roids  and  the  differences  between  them  are  given  in  Table  VIII 
(p.  50 K  In  columns  14  and  15  are  also  given  the  differenci^s  lM?tween 
the  values  the  difference  in  each  case  Iseing  marked  under  the  method 
giving  the  higher  value.  The  averages  uf  the  differeni^^es  are  shown 
in  the  line  marked  *^  Average,"  The  ditference  !>etween  them  is  7.eru, 
showing  that  in  this  case  the  results  bv  each  method  were  of  equal 
value. 

Unif&mtity  t'oerffifdent , — The  uniformity  coefficients  of  the  gravel 
Hrreenings  studied  in  these  investigations  are  arranged  pi-ogressively 
in  decreasing  order  in  Table  XI  (p.  1^)^  For  conveuiencH?  of  com- 
parison the  percentage  of  voids  and  the  density  for  each  sample  are 
also  given  in  the  table. 

PHYSICAL   TESTS   OF   GRAVEL-SCREENINGS    3IORTAR8. 

Method. — Each  of  the  gravel  screenings  described  in  the  preceding 
pages  was  mixed  with  typical  Portland  cement  to  form  mortar  of 
different  proportions,  and  this  mortar  w^as  made  into  test  pieces  for 
tensile  and  compressive  tests.  Proportions  of  1:3  and  1 : 4  are  used 
in  ever}'  case. 

Since  it  was  found  impossible  to  obtain  sufficient  material  of  one 
<ize,  no  one-size  mortar  test  pieces  were  made.  Test  pieces  \vere  made 
of  each  sample  of  gravel  screenings  for  each  kind  of  stress,  and  three 
pieces  were  tested  at  each  of  the  five  ages — 7,  28,  90,  180,  and  360  days. 

The  results  of  the  strength  tests  on  these  mortars,  including  the 
register  number,  the  yield  at  the  1 :  3  ratio,  the  register  number  of  the 
corresponding  typical  Portland  cement  test  pieces,  the  temperature 
of  the  water  and  of  the  air  at  the  time  of  molding,  the  percentage  of 
water  used  for  normal  consistency,  and  the  breaking  strength  (in 
pounds  per  square  inch)  at  different  ages  are  given  in  Table  XIII 
(p.  89).    Table  VIII  summarizes  data  respecting  the  field  origin  and 
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nature  of  each  sample  of  gravel,  and  the  average  physical  properties 
are  given  in  Table  XII  (p.  78). 

The  results  of  the  strength  tests  on  neat-cement  test  pieces  made 
from  the  same  cement  used  in  the  mortar  are  given  in  Table  VII 
(p.  36)  and  are  plotted  in  figs.  6  (p.  35),  7  (p.  39),  and  8  (p.  40). 
The  corresponding  typical  Portland  cement  numbers  are  given  in 
Table  XIII,  so  that  the  strength  of  the  mortar  may  be  compared  with 
the  strength  of  the  neat  cement  used  in  the  mortar. 

Tensile  strength, — The  results  of  the  tensile  tests  are  given  in 
Table  XIII^  (p.  89).  The  results  are  arranged  in  groups  of  three,  in 
the  same  way  as  for  the  sand  mortars,  and  the  average  of  each  group 
is  shown  in  the  line  marked  "Average."  The  results  given  in  the  table 
are  the  total  breaking  loads  on  1-inch  briquets. 

The  lack  of  uniformity  in  the  increase  in  strength  is  probably  due 
to  physical  differences  in  the  gravel  screenings.  In  general,  the  ten- 
sile strength  of  both  mortars  seems  to  decrease  with  the  increase  in 
the  percentage  of  voids. 

Comjrrcssivc  strength. — The  results  of  the  compressive  tests  are 
given  in  Table  Xlllb  (p.  91).  The  values  in  this  table  are  in 
pounds  per  square  inch,  and  are  obtained  by  dividing  the  total  breiik- 
ing  load  by  the  area  of  the  cross  section  of  the  2-inch  cube.  Con- 
sidering these  tests  in  the  order  of  the  percentage  of  voids,  it  can  be 
seen  that  the  strength  appears  to  decrease  with  the  increase  in  the 
percentage  of  voids. 

Suinniarij  of  gravel-mortar  tests. — A  great  deal  of  irregularity  can 
be  expected  in  the  testing  of  gravel-screenings  mortar  test  pieces. 
This  is  due  to  the  fact  that  the  operator  finds  it  difficult  to  obtain  a 
thoroughly  uniform  mass,  especially  w^hen  the  material  is  composed 
of  coai-so  grains  of  approximately  one  size.  In  the  latter  case  it 
invariably  happens  that  the  cement  and  gravel  screenings  o(*cur  in 
the  test  i)ieces  in  streaks.  In  many  cases  the  cement  accumulates  at 
one  side  of  the  neck  of  the  briquet,  and  the  active  section  is  reduced 
so  that  the  briquet  gives  eccentric  results  when  tested. 

Pensitf/. — The  density  of  mortar  made  from  each  sample  of  gravel 
screenings  was  determined  in  order  to  ascertain  its  relation  to  the 
other  [)hysical  ])roperties  and  to  see  if  the  strength  of  the  mortar  can 
be  approximately  foretold  by  the  density. 

The  density  of  1 : 3  mortar  and  the  relation  between  the  density  and 
other  physical  properties  of  the  screenings  and  mortars  are  given  in 
Table  XII  (p.  70).  In  column  1  are  given  the  register  numbers  of 
the  gravel  screenings  used  in  the  mortars  whose  densities  are  given  in 
column  2.  The  densities  are  arranged  in  order,  with  the  largest 
value  at  the  top.  For  purposes  of  comparison,  the  number  of  the 
granularmetric  analysis  curve  for  each  gravel  is  given  in  column.  3. 
These  numbers  start  with  No.  1  for  (j1.  4  (at  the  top  of  fig.  14,  p.  81) 
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fid  end  with  No,  12  for  Gl  7  (at  the  buttom  of  tig.  iO,  p.  85).  The 
^rcentiigi'  of  voids,  weight  per  cubic  foot,  and  ten^^Ue  and  compi-es- 
^e  strengths  of  the  corresponding  mortal's  at  180  days  are  given  in 


Table  XII  la.  —  Tensile  slr^agth  of  the.  murUtrH  af  IS  grmd  ^crtemngx. 
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Table  Xllla. — Tensile  tUrengUi  of  the  moHarit  of  Jf  gravel  screttimga — Continued. 
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ills  of  field  origin  of  samples  of  gravel  screeoiDgs,  see  pp.  80-80. 
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Table  XIII6. — Comprendve  strength  of  the  mortars  of  IS  gravel  screenings — Coi 


Regis- 
ter 
No. 


RhUo  of  cement    vm«m 
togiHvel.  »»eW. 


Gl.  8... 


Average 
1:4 


Q1.9... 


Averoge  , 
1:3 


Gl.  10. 


Gl.  11. 


Gl.  1'.!. 


Avewge  . 
1:4 


Average 
l::t 


Average 
1:4 


Average  , 
1:3 


Average 
I::^ 


Cement 
No. 


1:3 79-61         69.8 


Temperature 


Water. 


79-61  .      69.8 


1.10'      79-56         69.8 


Air. 


Water 
(per 
cent). 


69.8         8.9 


7^^         69.8 


79-57         69.8 


I  I 


79^57         69.8 


1.20       1:k^23        68.9 


Avorago 

1:4 ' 133-23         68.9 


1.18       13»-28  :       68.9 


Average 

1:4 ' i:«-28 


Average 


68.9 


64.2 


74.8 


Compreflriye  atreDgth  (p 
aquare  inch). 


7  28         90 

days.    days.    days. 


2,  OSS 


69. 8  8. 8 


«.0  8.9 


68.0  '        8.8 


8.9 


64.2  I        8.8 


68.0  8.9 


2,688 
2,484 

768 
688 
663 

688 

4,596 
4,475 
4^588 

4,586 

4,175 
4,025 
8,950 

4,050 

2,818 
2,288 


2,803 

1,870 
1,450 
1,418 

1,411 

4,690 
4,688 


«.0  !        8.3 


8.9 


74.8  8.8 


4,634 

2,595 
2,863 
2,550 

2.503 

3.628 
8.675 
8,578 

8,590 

2.790 
2,676 
2.685 

2,717 


2,650 
2,388 


II 
dA 


2,519 

1.810 
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1,405 
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5,488 
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4,146 
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8,776 
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6,400     7,} 
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STONE-SCREENINGS  MORTARS. 


ACKNOWLEDGMENT  OF  DONATIONS. 

Ill  the  investigations  reported  in  this  bulletin,  25  samples  o1 
screenings  were  used.  They  were  generously  donated  by  the  i 
ing  firms  and  companies: 

Bauibrlck-Bates  Coiistniction  Company,  St.  Louis,  Mo. 
Buckeye  DrtHlKlug  Company,  Columbus,  Ohio. 
Bull  Frog  Mining  Company,  Joplin,  Mo. 
Casparis  Stone  Company,  Casparis,  Ohio. 
Chicago  Crushed  Stone  Comimny,  Chicago,  111. 
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Pruin-Bambrick  Company,  St.  Louis,  Mo. 

GlefDCoe  Lime  and  Cement  Company,  St.  Louis,  Mo. 

Granby  Zinc  and  Mining  Company,  Joplin,  Mo. 

Hillsboro  Stone  Company,  Hillsboro,  Oliio. 

Horton  Stone  and  Milling  Company,  Springfield,  Mo. 

McLaughlin-Mateer  Company,  Kankakee,  III. 

McTeman  &  Halpin  Construction  Company,  Kansas  City,  Mo. 

Ozark  Red  Granite  Company,  Graniteville,  Mo. 

I'erkinson  Brothers,  St.  Louis,  Mo. 

Rucker  Stone  Company,  Greenfield,  Ohio. 

St.  Joseph  Lead  Company,  Bonne  Terre,  Mo. 

St,  Joseph  Street  Construction  Company,  St.  Tx)u!8.  Mo. 

Samuels  &  Holmes,  Kansas  City,  Mo. 

Sibley  Quarry  Company,  Sibley,  Mich. 

Toledo  Stone  and  Glass  Sand  Company,  Sylvanln,  Ohio. 

METHOD  OF  COLLECTION. 

Tiese  samples  were  collected  and  shipped  to  the  laboratories  in 
manner  described  for  sands  (p.  42).  All  the  screenings  were 
jected  to  the  usual  physical  determinations  and  were  mixed  with 
lent  to  make  mortar  t^t  pieces.  A  complete  description  of  each 
iple  of  stone  screenings,-^gether  with  illustrations  from  photo- 
phs  (actual  size)  and  the  detailed  results  of  tests,  is  given  in  the 
lowing  pages. 

DESCRIPTIONS  OF  STONE  SCREENINGS. 

^egUter  No,  Se,  L — The  sample  designated  Se.  1  was  obtained 
ni  a  quarry  at  St.  Louis,  Mo.  This  stone  is  geologically  known 
:he  St.  Louis  limestone,  of  the  Mississippian  series.  It  was  blasted 
h  black  powder  for  dimension  stones,  and  with  dynamite  for 
sher  stone,  and  is  worked  and  handled  by  means  of  steam  drills 
1  derricks.  The  quarry  covers  a  space  400  by  200  feet  to  a  depth 
2i?.">  feet.  The  sample  here  described  was  taken  from  the  deepest 
I  in  the  quarry,  and  is  a  very  fine-grained,  dense  rock.  The  upper 
Is  in  the  same  quarry  vary  in  texture  from  coarse  to  medium. 
)f  the  crusher  run,  as  received  at  the  laboratories,  40  per  cent 
v<^cl  the  i-inch  screen,  and  of  this  portion  40  per  cent  passed  the 
.  '20  sieve  and  10  per  cent  the  No.  80  sieve  (fig.  18,  p.  90).  The 
:x*entage  of  voids  is  39.4;  the  weight  per  cubic  foot  is  103.5  pounds; 
'  amount  of  silt  is  4.9  per  cent,  and  the  yield  in  1 : 3  mortar  is  1.04 
le  results  of  the  strength  tests  of  mortars  made  from  these  screen- 
rs  are  shown  in  Table  XIV  (pp.  109-124).  An  illustration  of  the 
N^Miings  is  shown  in.  PL  XII,  C  (p.  80). 

h'f  fjij<U  r  No,  Se.  2, — A  sample  obtained  from  the  upper  bed  of  the 
•mation  in  the  quarry  from  which  sample  Se.  1  was  taken  was 
-iirnated  Se.  2. 
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Of  the  eiitiiv  run  as  received  at  the  laboratories  43  per  cent  passe<l 
the  i-inch  screen,  and  of  this  portion  40  per  cent  pa^ed  the  Xo.  '20 
sieve  and  10  per  cent  the  No.  80  sieve  (fig.  18,  p.  96).  The  per- 
centage of  voids  is  37.2 ;  the  weight  per  cubic  foot  is  106.2  pounds : 
the  amount  of  silt  is  5.4  per  cent,  and  the  yield  in  1:8  mortar  is  1.1. 
The  results  of  the  sti^ength  tests  of  mortars  made  from  these  screen- 
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D/AMETER  OF  PARTICLES  IN  INCHES,  WITH  NUMB£HS  OF  SiSVCS 

Fks.  17. — <;ranuljirmotric:  analyplB  oiirvos  for  stone  8creenln8:8  21,  11,  10,  and  3.     Resultf 


fi)r  sli'vi's  Nos.  lo,  -JO.  WW,   10. 
sli'vt'  metliod  by  hrokcu  Hues; 


r>o.  so.  and  lOo  shown  by  solid  lines;  for  Feret's  twtv 
uniform-Krade  lines  shown  by  dots  and  daataea. 


ings  are  shown  in  Table  XIV.     The  appearance  is  shown  in   PL 
XIII,  . I. 

Iki'f/ infer  X(i.  Sc.  'L — The  sample  designated  Se.  3  was  obtained  from 
another  (iiiarry  at  St.  Louis.  This  sample  came  ivora  the  middle  bed 
of  the  St.  Louis  linie.stone,  and  was  blasted  out  with  dynamite  and 
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black  powder.  The  equipment  of  the  quarry  embraces  compressed- 
air  and  steam  drills,  hoisting  machinery,  and  two  large  crushers. 

Of  the  crusher-run  material  as  received  at  the  laboratories  23  per 
cent  passed  the  ^-inch  screen,  the  large  percentage  that  remained  on 
the  J-inch  screen  being  about  three-eighths  inch  in  size.  About  55  per 
cent  passed  the  No.  20  sieve,  and  about  15  per  cent  passed  the  No.  100 
sieve  (fig.  17).  The  percentage  of  voids  is  37;  the  weight  per 
cubic  foot  is  103.5  pounds;  the  amount  of  silt  is  2.3  per  cent^  and  the 
yiehl  in  1 : 3  mortar  is  1.9.  The  results  of  the  strength  tests  of  mor- 
tars made  from  these  screenings  are  shown  in  Table  XIV  (p.  109). 
The  appearance  is  shown  in  PI.  XIII,  B. 

Reginter  No.  Se.  4- — A  sample  from  a  quarry  at  Glencoe,  St  Louis 
County,  Mo.,  was  designated  Se.  4.  The  outcrop  of  this  rock,  an 
Ordovician  limestone,  was  in  the  form  of  a  bluff  1,500  feet  long  and 
50  feot  high.  The  stone  was  excavated  by  means  of  black  powder 
and  dynamite,  and  compressed  air  was  largely  used  in  the  work. 

Of  the  crusher-run  material  as  received  at  the  laboratories  13|  per 
cent  passed  the  J-inch  screen.  As  may  be  seen  by  the  granularmetric 
analysis  curve  (fig.  22,  p.  105)  and  the  illustration  (PI.  XIII,  C),  the 
screenings  that  passed  the  ^-inch  screen  were  almost  uniformly 
^Traded.  The  granularmetric  analysis  curve,  shown  by  solid  line  in 
the  figure,  almost  coincides  with  the  uniform-grade  line,  shown  by 
dots  and  dashes.  Only  20  per  cent  of  this  material  passed  the  ^-inch 
screen,  and  only  about  5  per  cent  passed  the  No.  100  sieve.  The  per- 
f^nta^  of  voids  is  36;  the  weight  per  cubic  foot  is  105.5  pounds;  the 
amount  of  silt  is  0.6  per  cent,  and  the  yield  in  1 : 3  mortar  is  l.OS.  The 
re>ult<  f>f  the  strengtli  tests  of  mortars  made  from  these  screenings 
an-  shown  in  Table  XIV  (pp.  109-124). 

Rrf/isfer  Xo.  Se.  '}. — Sample  designated  Se.  5  was  collected  at  a 
limestone  quarry  in  Springfield,  Mo.  The  dimensions  of  the  quarry, 
whitli  is  geologically  in  the  Boone  formation,  wore  about  200  by 
1(X>  by  20  feet.  The  rock  was  quarried  by  means  of  a  steam  drill 
•  and  (he  use  of  black  powder  and  dynamite.  Both  the  dimension  and 
I  mi-her-run  stones  find  a  ready  market  in  Springfield,  Mo.,  for  build- 
in::  purposes. 

Of  the  entire  nm  as  received  at  the  laboratories  33  per  cent  passed 
■  thf*  }-inch  screen.  According  to  the  granularmetric  analysis  curve 
,  iti^.  2'J,  p.  105),  these*  screenings  are  very  uniformly  graded.  About 
iO  jH*r  cent  passed  the  No.  10  sieve  and  about  12  per  cent  passed  the 
!  Xo.  20  sieve.  The  percentage  of  voids  is  41.1 ;  the  weight  per  cubic 
f<K>t  is  05.7  pounds;  the  amount  of  silt  is  1  per  cent,  and  the  yield  in 
I::5  mortar  is  1.02.  The  results  of  the  strength  tests  of  mortars 
nia«l<»  from  these  screenings  are  shown  in  Table  XIV.  An  illustra- 
tion of  this  sample  is  shown  in  PL  XIV,  A, 
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Re  (J  inter  No,  Se,  0. — The  Kample  designated  Se.  6  was  obtaine< 
from  a  lead  mine  just  west  of  Joplin,  Mo.,  where  a  number  of  lead 
iK^arinjj:  veins  (x^cur  in  limestone  of  the  Boone  formation.  Th 
veiji  stuff  or  pingue  exists  principally  in  the  form  of- chert,  and  ii 
the  process  of  separating  the  giilena  this  chert  is  -crushed  into  snial 
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DtAMETER  OF  PARTICLES  tN  INCHES,  WITH  NUMBERS  OF SiEVES 

I'n:.  IS. — <;r!mul{irmi'lrir  aimlysis  curve's  for  siom*  scnH^ningH  12,  16,  1.  and  2.  KomuU 
f.ir  sitvrs  Xos.  ](>.  jii.  :u>.  1(1.  r>o.  SO,  ami  loo  shown  by  soUd  lines:  for  Fteret*ii  tw«j 
si<>v(>  DKMhod  l>y  lirnkni  lines:   iiLiironii-^rade  lines  shown  by  dots  and  dashea. 

|)arlirles  jiiul  wasted  as  lead  tailings  or  chats.  The  larger  of  thest 
j)arricles  are  use<l  as  ballast  and  as  an  ingredient  of  concrete;  th< 
Hn*eiiin«r>  are  used  to  some  extent  for  mortar. 

All  the  material   rec(Mved   at   the  lahoratories  passed  the  J-incl 
s(i<MMi.     According  to  the  granularmetric  analysis  curve  (fig.  22,  p 
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105),  thf*  mateml  is  very  luiiforinly  gi'arled  down  to  the  No*  10  sieve, 
but  tjcluw  tills  tht*re  is  too  large  an  aiiiount  of  fine  material,  more 
than  10  per  cent  passing  the  No,  100  sieve.  In  a  general  way  this 
may  be  seen  in  the  ilhistration  (PL  XIV,  B),  The  percentage  of 
voids  is  S3,l;  the  weight  per  cuhie  foot  is  109.5  pounds;  the  amount 
of  silt  is  7  per  eent,  and  the  yield  in  1 :3  mortar  is  LIL  The  residts 
of  the  strength  teMs  of  mortars  made  fi'om  these  chats  are  given 'in 
Table  XIV. 

Register  No.  Se.  7.— A  second  sample  from  Joplin,  Mo,,  de^sigtiated 
8e.  7.  was  obtained  from  about  the  same  locabty  and  in  the  same  war 
as  Se.  6,  described  above,  but  from  a  different  mine. 

Like  Se.  0,  the  entire  run  of  crusher  passed  the  J -inch  screen ;  l)ut 
this  was  found  to  be  somewhat  finer  thaii  Se,  (>,  53  per  cent  passing 
the  Xo»  10  sieve,  and  about  0  per  cent  passed  the  No.  80  sieve.  The 
percentages  of  voids  is  36. L;  the  weight  per  cubic  foot  is  102,7 
pounds;  the  amount  of  silt  is  4.1*  per  cent ;  and  the  yield  in  1 : 3  mortar 
is  1.07.  The  results  of  the  tests  on  mortar  made  from  this  material 
are  given  in  Table  XIV  (pp,  109-124).  The  gi*anulai7netric  analysis 
c'ur\-e  is  shown  in  fig*  20  (p*  100)  and  an  illustration  from  photograph 
in  PL  XIV,  C. 

Register  No.  Se.  8. — The  material  designated  Se.  8  is  a  sample  of 
the  chats  taken  from  a  mine  just  west  of  Joplin,  Mo» 

Of  the  crusher -run  material  received  at  the  laboratories,  a  very 
small  portion  was  retained  on  the  |-inch  screen,  82  per  cent  passing 
thiTJUgh.  From  the  granularmetric  analysis  curve  shown  (fig*  20, 
p.  100),  it  is  seen  that  the  material  is  not  far  from  unifoitn  grathug. 
It  contains  a  very  small  amount  of  fine  nutterial,  7  per  cent  passing 
the  Ko-  80  sieve.  The  percentage  of  voids  is  ;i4.C;  the  weight  per 
cubic  foot  is  105.5  pounds;  the  amount  of  silt  is  2.9  per  cent,  and  the 
yield  in  1:3  mortar  is  L03,  The  results  of  tlie  strength  test  of  mor- 
tars made  from  this  material  are  given  in  Tai>le  XIV  (pp.  10^M24)» 

An  illustration  of  these  chats  is  shown  in  PL  XV,  A^  from  which 
the  comparatively  uniform  grading  of  this  material  is  at  once  evident, 

(and  there  does  not  appear  to  l>e  a  preponderance  of  either  large  or 
very  fine  particles. 

ReffUter  No,  Se,  9. — A  sample  of  chats  from  a  lead  mine  near 

Joplin,  llo.,  pHJCured  in  about  the  same  way  as  Se.  C  (p.  9(1),  was 

designated  Se.  9, 

The  greater  portion  of  the  entire  run  of  crusher  received  at  tlie 

I  laboratories  passed  the  ^-inch  screen.    Thevse  screenings  show  a  com- 

/  paratively  uniform  grading,  as  shown  by  the  granularmetric  anafysis 

I  cnne  (fig.  21,  p.  102).    The  ]>eiTentage  of  voids  is  33;  the  weight  per 

I  cubic  foot  Is  108  pounds;  the  amount  of  silt  is  3  per  cent;  and  ttie 

I   jrield  in  1:3  mortar  is  1.12.     The  results  of  the  strength  tasts  of 
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mortars  made  from  these  chats  ai-c  given  in  Table  XIV  (p.  10 
This  sample  is  illustrated  in  PL  XV,  B. 

Register  No.  Se.  10. — A  fifth  sample  collected  in  the  Joplin  disti 
was  designated  Se.  10.  It  is  similar  to  the  chats  previously  describ 
and  is  a  by-product  of  a  lead  mine. 
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DIAMETER  OF  PARTICLES  IN  INCHES,  WiTH  NUMBERS  OF  SIEVES 

rn;.  11). — (irnnuarmptrlc  analysis  <'urvt's  for  stono  sorpenlnjTB  l.*?,  22,  2R.  and  18.  Res 
f(»r  sirvos  Nns.  10,  L»o.  .JO,  M\,  ."lO.  SO,  aiul  loo  shown  by  solid  lines;  for  Ferefs  two-s 
iiK'thod  by  Itrokcii  lines;    unift)rn)-Krad<'  lines  shown  by  dots  and  dasher. 

Almost  all  the  t'ni.slu»r-nm  material  roeeived  at  the  laboratoi 
jiassiMl  the  |-incli  sc-iveii ;  about  :5r)  per  cent  of  these  screenings  pas 
the  Xo.  20  sieve,  and  10  i)er  cent  passed  the  Xo.  80  sieve.  1 
graniilarmetric  analysis  cMirve  is  shown  in  fig.  *20  (p.  100)  and  an  ill 
tration  from  photograph  in  PI.  XV,  i\     The  percentage  of  void: 
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31.8;  the  weight  per  cubic  foot  is  109.8  pounds;  the  amount  of  silt  is 
4.7  per  cent,  and  the  yield  in  1:3  mortar  is  1.11.  The  results  of  the 
strength  tests  of  mortars  made  from  this  material  are  given  in 
Table  XIV. 

Register  No.  Se.  11. — The  sample  designated  Se.  11  was  obtained 
from  a  quarry  recently  opened  in  the  upper  central  portion  of  the 
St.  Louis  limestone,  near  St.  Louis,  Mo.  The  material  was  being 
taken  by  wagons  to  St.  Louis. 

Of  the  crusher-run  material  received  at  the  laboratories  50  per  cent 
passed  the  i-inch  screen.  The  grading-of  the  screenings  is  not  at  all 
uniform,  as  shown  by  the  granularmetric  analysis  curve  (fig.  17, 
p.  94).  Ninety  per  cent  of  the  material  passed  the  No.  10  sieve;  60 
per  cent  passed  the  No.  20  sieve,  and  over  20  per  cent  passed  the 
No.  100  sieve.  The  percentage  of  voids  is  42 ;  the  weight  per  cubic 
foot  is  95.5  pounds;  the  amount  of  silt  is  10.1  per  cent,  and  the  yield 
in  1 : 3  mortar  is  1.12.  The  results  'of  the  strength  tests  of  mortars 
made  from  this  material  are  given  in  Table  XIV  (p.  109).  This 
sample  is  illustrated  in  PI.  XVI,  A.  The  dirty  appearance  of  the 
stone  indicates  the  large  percentage  of  silt. 

Register  No.  Se.  12. — Sample  designated  Se.  12  was  quarried  in 
the  vicinity  of  Kansas  City,  Mo.,  from  limestone  of  the  Pennsylvanian 
series.  The  material  was  excavated  by  means  of  steam  drills  and  the 
use  of  powder  and  djmamite,  and  shipped  to  Kansas  City.  This  stone 
is  rather  soft,  and  the  large  amount  of  dust  and  small  grains  resulting 
from  the  crushing  is  shown  by  the  granularmetric  analysis  curve  (fig. 
lb,  p.  9G)  and  by  the  illustration,(Pl.  XVI,  B), 

Rtgistet  No,  Se,  13, — ^The  sample  designated  Se.  13  is  a  Pennsylva- 
nian (Bethany)  limestone,  obtained  from  a  quarry  in  Buchanan 
County,  Mo.  The  crusher-run  material  was  obtained  by  the  usual 
methods  of  steam  drilling,  blasting,  and  crushing,  and  the  output 
was  shipped  to  the  vicinity  of  St.  Joseph,  Mo. 

Of  the  entire  run  of  crusher  received  at  the  laboratories  29  per 
t'ent  passed  the  J-inch  screen.  The  granularmetric  analysis  (fig. 
10)  shows  that  the  material  approaches  uniform  grading.  There 
are  many  medium  and  coarse  grains  and  very  little  fine  material  in 
the  screenings.  The  amount  of  voids  is  38.2  per  cent;  the  weight 
per  cubic  foot  is  102.2  pounds;  the  amount  of  silt  is  2.2  per  cent,  and 
the  yield  in  1:3  mortar  is  1.04.  The  results  of  the  strength  tests  of 
I  mortars  made  from  these  screenin<rs  are  ^iven  in  Table  XTV.  This 
sample  is  illustrated  in  PI.  XVI,  C,  The  irregular  grading  and  the 
cmiparatively  large  amount  of  coai-se  and  medium  grains  are 
evident. 

Rtgixter  No.  Se.  H. — The  sample  designated  Se.  14  is  limestone 
of  Pennsj'lvanian  age  obtained  from  a  cjuarry  in  Jackson  County, 
Jfo.     The  usual  methods  were  used  in  quarrying  the  stone,  which  was 
I    shipped  to  Kansas  City. 
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Of  the  entire  run  of  crusher  received  at  these  laboratories,  29  per 
cent  passed  the  ]-inch  screen,  and  these  screenings  were  found  to  be 
very  uniformly  graded,  as  shown  by  the  granularmetric  analysis 
curve  (fig.  *21,  p.  102).  The  percentage  of  voids  is  35.8;  the  weight 
per  cubic  foot  is  104.3  pounds;  the  amount  of  silt  is  4.0  per  cent, 
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DIAMETER  OF  PARTtCLES  IN  INCHES,  WITH  NUMBCliS  OFSiCVeS 

Fir,.  110. — <;r{inulsiriin'trlc  jinaly»*ls  curvj-s  for  Ktono  HorrcnlniTH  10,  7,  17,  and  8,  Resnltii  for 
si««vt's  Nos.  10.  iMj,  ;;(».  40.  .".n,  so,  and  loo  shown  by  Holid  UnoM ;  for  Feret'a  two-slevf 
nifthtid  liy  Urokcn  Ihifs  :    uniform-Kruilr  lini's  slittwn  by  dutH  and  daRhen. 

and  the  yield  in  I  :  3  mortar  is  1.07.  The  results  of  the  strength  tests 
of  mortars  ma<le  from  this  material  are  ^iven  in  Table  XIV  (pp.  10J>- 
li>4).  Th('  ilhistration  of  this  material  (PI.  XVII,  .1)  indicates 
the  uniform  orra<linfr  of  j)articles,  from  the  smallest  up  to  the  J-inch 
size,  all  being  ])laiiily  visible. 
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Register  No.  Se.  16. — Sample  designated  Se.  15  is  obtained  from  a 
mine  at  Hoffman,  Mo.  Galena  is  assipciated  with  this  limestone,  and 
the  chats  are  the  calcareous  by-product*'nojticeably  free  from  chert. 
The  material  is  thoroughly  washed  before  marketing  in  order  to 
eliminate  the  fine  dust.  **^''/.'*' 

The  entire  run  of  crusher  received  at  these  IkboriCtories  passed  the 
J-inch  screen.  The  granularmetric  analysis  curve  (fig.'S2;p.  105)  and 
the  illustration  (PL  XVII,  B)  show  the  absence  of 'any/ fine  grains, 
there  being  practically  nothing  finer  than  the  No.  30,  but.-the  curve 
approaches  the  uniform-grade  line.  The  percentage  of  v6i(Js  ifc?  37 ; 
the  weight  per  cubic  foot  is  109.5  pounds;  the  amount  of  silt  is  0.5 
per  cent,  and  the  yield  in  1 : 3  mortar  is  1.12.  The  results  of  the 
strength  tests  of  mortars  made  from  this  material  are  given  in  Tabic 
XIV  (pp.  10»-124). 

Register  No.  Se.  16. — Sample  Se.  16  was  a  by-product  from  a  lead 
mine  in  the  vicinity  of  Bonneterre,  Mo.  It  is  similar  to  Se.  15, 
except  that  the  grading  is  somewhat  different. 

The  granularmetric  analysis  curves  are  shown  in  fig.  18  (p.  96) 
and  the  illustration  from  photograph  in  PI.  XVII,  C.  The  entire 
run  of  crusher,  as  received  at  the  laboratories,  passed  the  }-inch  screen, 
and  about  70  per  cent  of  these  screenings  passed  the  No.  10  sieve. 
The  percentage  of  voids  is  32.1;  the  weight  perujubic  foot  is  120 
pounds;  the  amount  of  silt  is  3.7  per  cent,  and  the  yield  in  1 : 3  mor- 
tar is  1.05.  The  results  of  the  strength  tests  of  mortars  made  from 
this  material  are  given  in  Table  XIV  (pp.  109-124). 

Register  No,  Se.  17. — ^The  sample  designated  Se.  17  was  obtained 
from  a  quarry  at  Graniteville,  Mo.  It  is  a  red  granite  of  very  close 
texture,  and  geologically  is  of  pre-Cambrian  age.  The  excavated  rock 
is  cut  partly  into  dimension  stones  for  building  purposes,  or  Belgian 
blocks  for  paving.  The  resulting  spalls  are  passed  through  a  crusher 
and  then  through  the  1-inch,  ^-inch,  and  J-inch  screens,  each  size 
b<?ing  conducted  to  its  own  bin  by  a  spout.  The  screenings  are 
shipped  to  St.  I^uis  or  other  cities  in  the  Southwest. 

Of  the  entire  run  of  crusher,  as  received  at  the  laboratories,  44  per 
cent  passed  the  ^-inch  screen,  showing  that  the  three  spouts  men- 
tioned above  do  not  furnish  equal  quantities  of  the  three  sizes.  Ac- 
cording to  the  granularmetric  analysis  curve  (fig.  20,  p.  100)  the 
screenings  were  uniformly  gi'aded ;  this  may  also  be  seen  in  the  illus- 
t  nit  ion  from  photograph  (PI.  XVIII,  A),  The  percentage  of  voids 
is  :W.7;  the  weight  per  cubic  foot  is  108.8  pounds;  the  amount  of  silt 
is  1.4  per  cent;  and  the  yield  in  1:3  mortar  is  1.13.  The  results  of 
the  strength  tests  of  mortars  made  from  this  material  are  given  in 
Table  XIV  (pp.  109-124). 

Register  No.  Se.  18. — Sample  Se.  18  was  obtained  from  a  quariy 
in  a  bed  of  fossiliferous  "  Niagara  "  limestone  near  Kankakee,  IlL 
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The  limestone  in  this  region  varies  i>eix?eptibly  in  texture,  that 
tained  in  this  quarry  being  probably  the  hardest  and  closest  to 
found.    The  stratum  was  5  feet  6  inches  thick,  over  a  length  of  1, 
feet,  and  contains  a  J -inch  layer  of  soft  argillaceous  stone.    The  r 
was  excavated  by  means  of  steam  drills  and  the  use  of  black  powi 


/oo 
eo 
so 

K  GO 
\  ^ 

\  SO 

^    o 
^/oo 

vi  GO 
<0 


_»^405^wv  Cotff't'rY,  Af/sso£^^^_ 


^T.  W 
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Vui.  'Jl.  -  (Jninulnrmi'trlo  analysis  tnrvrs  ft>r  sl(»nc»  scroenlnga  0,  20,  14,  and  23.  Res 
for  sl.'vrM  Nos.  10,  I'o.  :\n,  |o.  ."i«>.  SO,  and  100  shown  by  solid  lines;  for  Feret's  two-s 
ni«>tli<)«l  by  brokrit  lin«'s ;    uniform-urndo  lines  shuwn  by  dots  and  dashes. 

in  blasting.     The  entire  output  is  passed  through  a  crusher  and  is 
sorted  by  sieves;  it  was  being  shipped  to  Chicago  and  Milwaukee 
Of  the  entire  run  of  eruslier.  as  received  at  the  laboratories,  40 
<'ent  passinl  the  j-inch  screen.     As  shown  in  fig.  19  (p.  08)  and 
ilhistration  from  photograph  (PI.  XVIII,  /?),  this  material  is  v 
uniformly  graded;  but  it  contains  a  large  amount  of  fine  mater 
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rer  10  per  ecut  passing  the  No.  100  sieve  and  D  per  txnii  p^mng  the 
Ow  t^OO  sieve,  Th^  {K^iyeiittige  of  voids  is  JIO.O;  the  weig:ht  per  eiibic 
>ot  i^  103*H  pounds;  the  amount  of  silt  is  7 AS  per  cent,  and  the  yiehl 
I  1 : 3  jjiurtiir  iH  l.Ofj.  The  resuHs  of  the  stren^h  tests  of  inortai*s 
*  given  in  Table  XIV  (pp.  109-124), 

Jiet/isfer  No,  Se.  If). — Tbt*  snniple  de.sigiiated  So,  19  was  obtainerl 
f>ni  SI  quarry  situated  in  doloniitic  bedji  of  the  '*  Niagara  "  forumtion 
I  McCook,  lib  Thi^  nmtt*riai  waH  excavated  by  means  of  conipressed- 
ir  tl  rills  ond  the  use  of  l^hiek  powder  in  blast  in  *^.  Piirt  ui  tli*'  mn- 
nal  is  formed  into  dimension  and  paving  stones;  the  remainder 
;  passed  through  a  crusher. 

Of  the  entire  run  of  crusher,  as  received  at  the  laboratories,  39  per 
Mit  passed  the  i-inch  screen,  and  of  these  screenings  75  per  cent 
assed  the  No.  10  sieve  and  10  per  cent  passed  the  No.  100  sieve.  The 
ranularmetric  analysis  curve  is  shown  in  fig.  17  (p.  94).  The  per- 
?ntage  of  voids  is  39.3 ;  the  weight  per  cubic  foot  is  102.5  pounds ; 
le  amount  of  silt  is  5.0  per  cent,  and  the  yield  in  1 : 3  mortar  is  1.06. 
'he  results  of  the  strength  tests  of  mortars  made  from  this  material 
re  given  in  Table  XIV.    This  sample  is  illustrated  in  PI.  XVIII,  C. 

Register  No.  Se.  20. — Sample  Se.  20  was  obtained  by  dredging  a 
trip  of  the  Scioto  River  bed  about  500  feet  long  at  Columbus.  The 
laterial,  as  raised  by  an  endless-chain  device  and  dumped  into  scows, 
$  a  mixture  of  bowlders,  gravel,  and  sand.  The  bowlders  are  passed 
hrough  a  crusher  and  then  again  mixed  with  the  gravel  and  sand. 

Of  the  entire  run  of  crusher,  as  received  at  the  laboratories,  17  per 
ent  passed  the  J-inch  screen.  As  indicated  by  the  granularmetric 
nalysis  curve  (fig.  21)  only  about  40  per  cent  passed  the  No.  10 
ieve,  22  per  cent  the  No.  100,  and  20  per  cent  the  No.  200.  The 
>ercentage  of  voids  is  35.2;  the  weight  per  cubic  foot  is  108.5  pounds; 
he  amount  of  silt  is  3.1  per  cent,  and  the  yield  in  1 : 3  mortar  is  1.21. 
The  n*sults  of  the  strength  tests  of  mortars  made  from  this  material 
Liv  pven  in  Table  XIV  (p.  109).  The  illustration  of  this  material 
PI.  XIX,  A)  does  not  truly  represent  the  grading,  as  all  the  fine 
Material  has  settled  to  the  bottom  and  does  not  appear  on  the  sur- 
'ai-e.  The  large  amount  of  coarse  material  in  this  mixture  is  readily 
ipparent. 

Rt'fjhter  No.  Sec.  21. — Sample  Se.  21  is  from  a  quarry  near 
(lill^boro,  Ohio,  and  the  stone  is  of  Silurian  age.  The  rock  was 
landled  by  means  of  compressed-air  drills,  powder,  and  dynamite. 
Two  sizes  are  prepared  for  commercial  purposes.  The  coarser  size 
;aK>-es  the  1^-inch  screen  and  is  retained  on  the  ^-inch  screen.  The 
•mailer  size  passes  the  ^-inch  screen. 

Of  the  screenings,  as  received  at  the  laboratories,  the  entire  amount 
massed  the  ^-inch  screen.  According  to  the  granularmetric  analysis 
•urve  (fig.  17,  p.  94)  72  per  cent  passed  the  No.  30  sieve  and  30  per 
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cent  the  No.  100  sieve.  The  percentage  of  voids  is  41 ;  the  weight  [ 
cubic  foot  is  97.4  pounds;  the  amount  of  silt  is  8.1  per  cent,  and  t 
yield  in  1 : 3  mortar  is  1.14.  The  results  of  the  strength  tests  of  m( 
tars  made  from  this  material  are  given  in  Table  XIV  (pp.  109-12^ 

From  the  iUustration  of  these  screenings  (PL  XIX,  B)  the  ve 
small  amount  of  coarse  material  and  the  exceedingly  large  amoii 
of  fine  material  is  readily  apparent. 

Register  Xo.  Se.  22. — Sample  Se.  22  belongs  to  the  Mom 
formation,  found  in  the  vicinity  of  Greenfield,  Ohio,  which  ^^ 
being  quarried  and  shipped  to  Cincinnati.  The  quarry  has  a  leng 
of  about  500  feet,  and  the  rock  was  blasted  by  means  of  black  powd 
and  an  explosive  known  to  the  trade  as  "  rack-a-rock."  The  i-in 
screenings  removed  from  the  crusher-run  material  are  used  for  mort 
purposes,  and  the  material  above  one-fourth  inch  and  below  2  iiicl 
is  used  for  concrete. 

Of  the  1-inch  screenings,  received  at  the  laboratories,  about  15  f 
cent  passed  the  No.  100  sieve  and  10  per  cent  passed  the  No.  2 
sieve.  According  to  the  granularmetric  analysis  curve  (fig.  19,  p.  9 
the  screenings,  aside  from  the  large  amount  of  fine  material,  are  ui 
formly  graded.  The  i>ercentage  of  voids  is  37.5;  the  weight  p 
cubic  foot  is  100.3  pounds;  the  amount  of  silt  is  1.1  per  cent,  a: 
the  yield  in  1:3  mortar  is  1.14.  The  results  of  the  strength  tests 
mortars  made  from  these  screenings  are  given  in  Table  XIV  (p.  IW 
The  comparatively  large  amount  of  fine  material  and  the  presence 
grains  of  all  sizes,  from  the  smallest  up  to  the  J-inch  size,  is  readi 
apparent  from  the  illustration  (PI.  XIX,  C). 

liegiHter  No.  Se.  23. — Sample  Se.  23  is  a  Devonian  limestone  t 
tained  from  a  quarry  at  Casparis,  Ohio.  It  is  very  much  foliate 
and  is  practically  the  blanket  side  of  the  quarry,  which  is  8,000  ft 
long  by  ()5  feet  high.  The  material  is  obtained  by  means  of  air  dri 
and  dynamite,  and  is  marketed  in  Illinois,  Indiana,  and  Ohio.  T 
crushed  stone  is  passed  over  ^-inch  screens  and  the  material  th 
})asses  these  screens  is  sold  as  screenings. 

All  the  particles  of  this  sample  as  received  at  the  laboratori 
passed  the  ]-inch  screen.  They  are  very  uniformly  graded,  as  sliov 
by  the  granularmetric  analysis  curve  (fig.  21,  p.  102).  The  percei 
age  of  voids  is  38.2;  the  weight  ])er  cubic  foot  is  99.7  pounds;  t 
amount  of  silt  is  3.5  per  cent,  and  the  yield  in  1:3  mortar  is  1/ 
The  results  of  the  stren^h  tests  of  mortars  made  from  these  sci^ee 
ings  are  given  in  Table  XIV  (p.  109).  The  appearance  is  shown 
PI.  XX,  .4. 

Rcghter  No.  Se.  2i. — Material  designated  Se.  24  is  a  dolomit 
limestone  in  the  Monroe  formation  (Silurian)  from  a  quarry  at  Sili< 
about  4  miles  from  Sylvania,  Lucas  County,  Ohio.  The  stone  is  qui 
ried  from  an  open  face  by  means  of  dynamite,  and  the  material 
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died  automatically,  crushed,  and  passed  through  1-,  2-,  and  3-inch 
•ens.  On  this  account  no  crusher-run  material  was  available. 
«r  screening,  the  material  is  washed.  This  company  has  a  most 
x>rate  plant  for  storing  and  handling  the  various  products,  the 
iveying  and  handling  machinery  being  similar  to  that  used  in  the 
[idling  of  coal. 
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''  --. — (rranularmetric  analysis  curves  for  stone  screenings  6,  4,  15,  5,  and  24.  Results 
f'»r  sieves  Nos.  10,  20.  SO,  40,  50,  80,  and  100  shown  by  solid  lines;  for  Keret's  two- 
*j**ve  method  by  broken  lines ;  uniform-grade  lines  shown  by  dots  and  dashes. 

According  to  the  granularmetric  analysis  curve  (fig.  22)  this 
at^rial  is  rather  unifonnly  graded.  This  is  also  illustrated  in  PI. 
X,  B.  The  percentage  of  voids  is  41.8;  the  weight  per  cubic  foot 
iOI  pounds;  the  amount  of  silt  is  1.1  per  cent,  and  the  yield  in  1 : 3 
lOTl.'l—BuU.  .-wi— <KS 8 
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mortar  is  1.12.  The  results  of  the  strength  tests  of  mortars  iiiad^ 
from  this  mat^»rial  are  given  in  Table  XIV  (pp.  109-124). 

Register  No,  Se,  26, — A  sample  from  Sibley,  Mich.,  was  designatec 
Se.  25. 

According  to  the  gi-annlarmetric  analysis  curve  for  this  materisi 
(fig.  19,  p.  98)  it  is  very  uniformly  graded,  and  about  16  per  ceut 
passes  the  No.  100  sieve.  The  percentage  of  voids  is  33.8;  the  weigh  I 
per  cubic  foot  is  110.3  pounds;  the  amount  of  silt  is  16.3  per  cent. 
The  ivsults  of  the  strength  tests  of  mortal's  made  from  this  material 
are  given  in  Table  XIV  (p.  109).    The  sample  is  illustrated  in  PI. 

XX,  r. 

I'HVSKWL   TESTS   OF   STONE    SCREENINGS. 

Method. — AAlien  a  sample  of  broken  stone  is  received  at  the  laboni- 
tories  it  is  spread  on  a  concrete  floor,  and  turned  at  frequent  intor- 
vals,  so  that  it  will  thoroughly  dry.  It  is  then  passed  over  a  i-iiicli 
screen,  and  the  material  that  passes;!  the  screen  is  used  in  the  mortar 
tests.  The  material  retained  on  the  j-inch  screen  is  discarded.  The 
portion  to  be  used  is  tested  for  granularmetric  composition,  i)ercent- 
age  of  voids,  specific  giavity.  weight  i)er  cubic  foot,  and  percentaj»e 
of  moisture.  The  results  of  these  determinations  are  given  in  Table 
Vni  (p.  59).  The  percentage  and  chemical  analysis  of  silt  aiv 
given  in  Table  X  (p.  77). 

Granidarmetru'  atudysiH. — The  set  of  sieves  for  the  granularmetric 
analysis  comprises  those  with  10,  20,  30,  40,  50,  80,  100,  and  200  open- 
ings per  linear  inch. 

GranuhfnnrtiH'  ri/rvtM. — The  granularmetric  analysis  curves  ai*e 
sliown  in  figs.  17-22,  the  ordinate  at  any  sieve  being  the  total  percent- 
age that  passes  that  si(»ve,  and  not,  as  in  Table  yill  (p.  59),  the  i)er- 
irentage  retained  by  the  sieve.  Starting  with  the  curve  of  the  s(*reen- 
ings  having  the  largest  amount  of  fine  material  (Se.  21),  at  the  top 
of  fig.  17  (]).  94),  these  curves  are  arranged  in  consecutive  order,  end- 
ing with  the  curve  of  the  screenings  having  the  largest  amount  of 
coarse*  material  (Se.  24),  at  the  bottom  of  fig.  22  (p.  105). 

The  granularmetric  analysis  curves,  as  determined  by  the  standard 
sieves  ])revi()usly  rcferrcMl  to,  are  given  in  solid  lines.  In  order  to 
illustrate  the  ditrereuct*  between  this  method  of  analysis  and  the  two- 
sieve*  method  ])ro]^osed  by  M.  Fen^t,  the  curve  representing  the  analy- 
sis ])y  the  latter  mc^thod  is  plotted  on  the  same  chart  in  broken  line^^. 
Below  tli<'  two  curves  just  descri])ed  is  given  the  uniform-grade  line 
in  dots  and  dashes.  From  the  finest  to  the  coarsest  screenings  the 
<'urves  hav(»  been  arranged  in  the  order  of  the  size  of  the  segment  in- 
clu<led  b(»tween  the  granularmetric  analysis  curve  and  the  uniform- 
grade  line. 

Cotuparifton  hrtirtcn  nuasf/nd  and  computed  voids. — ^In  order  to 
determine  the  accuracv  of  the  method  of  void  determination  used  at 
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the  laboratories,  the  percentage  of  \oid.s  was  computed  from  the 
specific  i^ravity  and  the  weight  per  cubic  foot  of  each  sample  as  ex- 
plained under  '*  Physical  t^st^  of  siindH  "  (p.  65).  The  results  of 
thet^e  calculations,  together  with  the  measured  v^oids,  ai^  given  in 
Taljlc*  VIII  {p.  iii>)  for  fa ci lily  of  comparison.  In  columns  H  arid 
15  ure  given  the  differences  l>etween  the  results  obtainetl  by  the  two 
niethods^  the  difference  in  each  case  being  given  under  the  metluHl 
ihni  gives  the  larger  value.  The  averages  of  these  differences  are 
shown  beneath^  and  it  can  be  seen  that  the  (HtfeiTnce  between  these 
ttVi*rsigeB  is  small,  as  in  the  case  of  sands  and  gravel  screenings. 

rHYSlCAL  TEarS  OF  8T0KE-8CREENINCja  MORTARS, 

Methi*iL — Each  of  the  stone  screenings  descriljed  in  the  preceding 
pages  was  mixed  with  typical  Portland  lement  to  form  mortars  of 
differi*nl  proportions,  and  these  mortars  were  made  into  test  pieties 
for  teiisiUs  compressive,  and  transverse  teMs.  Proportions  of  1 :  li 
Aiid  1  ;4  were  used  in  every  case,  and  in  addition,  wherever  there  was 
sufficient  material  of  one  size,  test  pieces  \vei*e  made  of  1 :  ^^  one-size 
mortiir.  With  each  saniple  of  stone  .si-reenings  test  pieces  were  made 
for  each  kind  of  stress,  and  tliree  pieties  were  tested  at  each  of  the 
five  age^,  T,  28,  JH),  180,  and  BfJO  days. 

The  results  of  *1h^  streiigtli  test^  on  thase  mortars,  including  the 
minister  number,  the  yield  at  the  1 : 3  ratio,  the  register  numl>er  of 
the  corresponding  typical  Portland  cement  test  pieces,  the  tempera- 
ture of  the  water  and  of  the  air  at  the  time  of  molding,  the  percentage 
of  water  used  for  normal  consistency,  and  the  breaking  strength 
in  pounds  per  square  inch  at  different  ages  are  given  in  Table  XIV 
<  p.  109) .  In  giving  the  results  of  tests  on  1 : 3  one-size  mortar  the  size 
to  which  the  screenings  were  sifted  is  also  shown.  Table  VIII  (p.  59) 
^ummarizes  data  respecting  the  field  origin  and  nature  of  each  sam- 
ple of  stone  screenings  used,  and  the  average  physical  properties  are 
given  in  Table  XII  (p.  79). 

The  results  of  strength  tests  on  neat-cement  test  pieces  made  from 
the  same  cement  used  in  the  mortars  are  given  in  Table  VII  (p.  30). 
The  corresponding  cement  numbers  are  given  in  Table  XIV,  so  that 
the  strength  of  the  mortar  can  be  compared  with  the  strength  of  the 
neat  cement  used  in  the  mortar. 

Tt  jinile  strength. — The  results  of  the  tensile  tests  on  1 : 3,  on  1 :  4, 
and  on  1 :  3  one-size  stone-screenings  mortar  are  given  in  Table  XI V^z 
I  p.  109).  The  results  are  arranged  in  groups  of  three,  and  the  aver- 
age of  each  group  is  shown  in  the  line  marked  ''Average." 

As  a  general  rule  the  strength  of  those  screenings  that  are  nearest 
to  uniform  grading  is  greater  than  that  of  the  finer  screenings  that 
are  farther  removed  from  the  uniform  grading.     In  addition,  the 
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slreii<rtli  of  iiiorlars  made  from  those  samples  having  lesser  vo'uU 
is  greater  than  the  strength  of  mortal's  made  from  those  in  which  the 
voids  are  greater. 

ComprcsHivc  f(frcnf/fh. — The  results  of  the  compressive  tests  on  1 :  i\, 
on  1 : 4,  and  on  1:3  one-size  stone-screenings  mortar  are  given  in 
Table  XIV6  (p.  115).  The  values  in  this  table  are  in  pounds  i>er 
square  inch  and  are  obtained  by  dividing  the  total  breaking  load  by 
the  area  of  cross  section  of  a  2-inch  cube. 

As  in  the  ease  of  tensile  strength,  there  is  a  slight  indication  tliai 
the  strength  of  stone-screenings  mortar  is  gi'eater  for  a  sample  f<»r 
which  the  graiuilarmetric  analysis  curve  is  close  to  the  uniform  gi'adi' 
line  than  for  one  for  which  the  gi'anularmetric  analysis  curve  i> 
faitlier  removed  from  that  line.  In  addition,  the  strength  appears 
to  increase  with  the  decrease  of  voids. 

TrahsrvrHC  ntretiyth, — The  results  of  the  transverse  tests  on  1 : 3,  on 
1 : 4,  and  on  1 : 3  one-size  stone-screenings  mortar  are  given  in  Table 
XI W  (p.  121).  The  values  given  in  this  table  are  moduli  of  rupture 
in  pounds  per  s(juare  inch.  At  the  time  of  writing  not  all  of  the  3r>0- 
day  transverse  test  pieces  have  Iwcn  tested,  and  it  is,  therefore,  im- 
possible at  this  time  to  complete  the  tables  giving  the  results  of  the 
tests.  This  is  <lue  to  the  fact  that  the  transverse  molds  did  not  arrive 
until  some  time  after  the  other  test  pieces  had  been  made.  A  study 
of  the  table  shows  that  the  transvei'se  sti-ength  gradually  increases  up 
to  JK)  days  in  almost  every  case.  Beyond  this  the  strength  does  not 
vary  much  to  3(>0  days,  in  some  cases  increasing  and  in  some  cast*:? 
decreasing  slightly. 

Stnunuinj  of  iitom-fici'atrhH/s  mortar  tests, — In  general,  more  con- 
fidence can  be  attached  to  the  tests  of  the  older  test  pieces  than  to 
thos(»  of  the  earlier  t(»st  pieces.  In  the  case  of  homogeneous  materials 
the  r(»>ults  of  tests  of  diti'ei'cnt  mortars  at  the  same  age  should  be 
somewhat  uniform  or  should  follow  some  gt»nenil  law,  such  as  that 
ol)served  in  tiie  case  of  sands  where  the  position  of  the  granidar- 
metric  analysis  curve  was  seen  to  indicate  the  comparative  sti'ength 
of  the  mortal's.  In  the  investigations  on  stone  sci'eenings,  however, 
>ince  the  stones  were  obtained  in  many  ditferent  places,  the  results  of 
the  tests  on  tot  pieces  of  the  same  age  are  not  consistent.  It  can  not 
I)e  said  that  any  delinite  law  can  be  given  by  means  of  which  the 
strength  of  stone  mortar  can  be  approximately  foretold  by  the  me- 
chanical conditions,  sinn*  the  strength  of  the  stone  from  which  the 
screenings  are  derived  has  much  to  do  with  the  strength  of  the  mortar. 
Almost  the  same  difticnlty  was  found  with  stone-screenings  mortal's 
as  with  gravel -scre(Miings  mortars  (p.  ss)  :  that  is,  the  tendency  of 
the  cement  to  concentrate  at  one  or  more  parts  of  the  sections.  This 
was  noticed  principally  where  the  material  was  composed  of  large 


Ill  111  '^ 

oo  ^ 
5  3c  i 
o  o  u 

lis 

o  ^  i;; 

tff  tf)  (A 

O  O  (S 
z  z  z 

?.  z  2 

Ul  UJ  UJ 
Ul  111  UJ 
pC    QC    QC 

y  ^  ^ 
(/)  (^  (/) 

UJ   UJ   UJ 

5  z  z 

o  o  o 

</»  tn  In 

UJ   Ul    111 

s  s  s 


-^  eq  C 


STONE-SCREENINGS   MORTAKS. 


109 


grains.    The  results  of  the  tests  of  pieces  in  which  this  took  place 

were  very  discordant. 

The  solid  stone,  obtained  from  the  same  quarry  and  the  same  bed 
from  which  the  crushed  stone  is  collected,  is  being  tested  for  its 
physical  properties.  The  results  of  these  tests  (which  are  to  appear 
in  another  bulletin  discussing  the  constituent  materials  of  concrete) 
may  afford  a  basis  for  the  comparison  of  the  relative  value  of  mortars 
made  from  stone  screenings. 

Density. — ^The  density  of  mortar  made  from  each  sample  of  stone 
screenings  was  determined  in  order  to  ascertain  its  relation  to  the 
other  physical  properties,  and  to  see  if  the  strength  of  mortar  can  be 
approximately  foretold  by  the  density.  The  density  of  1:3  stone- 
screenings  mortar  and  the  relation  between  the  density  and  other 
physical  properties  of  stone  and  mortar  are  given  in  Table  XII 
(p.  79).  In  column  1  are  given  the  register  numbers  of  the  stone 
screenings  used  in  the  mortars  whose  densities  are  given  in  column  2. 
The  densities  are  ranged  consecutively,  with  the  largest  value  at  the 
top.  For  purposes  of  comparison  the  number  of  the  granularmetric 
amiljrsis  curve  for  each  sample  of  stone  screenings  is  given  in 
column  3.  The  numbers  start  with  No.  1  for  Se.  21  (at  the  top  of 
fig.  17,  p.  94)  and  end  with  No.  25  for  Se.  24  (at  the  bottom  of 
fig.  22,  p.  105).  The  percentage  of  voids,  weight  per  cubic  foot,  and 
the  tensile,  compressive,  and  transverse  strengths  of  the  correspond- 
ing mortars  at  180  days  are  given  in  columns  4-8.  It  can  be  seen 
(hat  in  the  upper  part  of  the  table,  where  the  values  of  density  are 

greatest,  the  percentages  of  voids  as  a  rule  are  least  and  the  weights 

per  cubic  foot  and  the  strengths  are  greatest,  and  at  the  bottom  of  the 

table  the  opposite  is  true. 


Table  XI Va. — Tcnailr  stmipth  af  thf  niorttirs  nf  2't  stone  Hcrvenings. 
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Table  XI  Va. —  TemiU  strength  of  the  mortars  of  25  ntoi^e  srrtening* — Continued. 
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Tabli  XrVo. — TenMIe  firmgth  of  the  mttriarn  uf  io  tttonr  ttrreenhtgif — CbntittOfid, 
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466         4*26 


787 
835 
826 


775 
700 
771 


489 
440 


637 
664 
700 

667 

715 
706 
724 

715 

495 
506 
478 


655 
586 
649 


533 
532 
527 

531 

374 
358 
380 


756 
790 

784 


618 
611 

617 

415 
411 
452 


?22 
720 


602 
6*20 
618 


749         613 


387 
346 
352 


110  TESTS   OF    MATERIALS   OF   CEMENT   MORTARS. 

Table  XI  Va. —  Tensile  strength  of  the  mortars  of  25  stone  jwrcefttii^Ji — Cantinaed. 


I  Ratio  nf  eemetU  in 


/1:3. 


8e.  2... 


8e.  3... 


8f .  4 . . . 


Yleia. 


1.10 


7&-1 


1:4 


ipenti 
Water.  I    Air* 


lilK  '^ 


65.8 


fti.y 


WAtor 
{per 


tt.1 


Tefudle  Etrvitgth  (pound*  pt 


04. 1  I        8.4  I 


dayHv 

296 
2&1 

370 

384 


1:3  (sifU*d) '      79-11 


Average l ; ;    378 

74.0         70.0  8.9       345  , 

865 

341  I 

A  V  e  ruge 350 

/l:3 1.09!        7«>-2         (»8.5         59.0  9.1       366 

376  I 
;  '    375  I 

AverRKe '    372 

1:4 7^7         m.-2         (M;.5  8.  4  I     465 

436 
:    465  I 

Avemg*' I    452 


1:3  (sifted). 


I 
79-11  '      74.0  i      70.0  I        8.9  1    345  . 

I  360 ; 

I  ^^ 

Avenige •    845  | 

;  ,  i         ■ 

1:3 l.OM  7U-2        (i3.5  I      59.0  ;        9.1       510; 

I  I    550  ' 

560 

AvcraK*" 540  ! 

1:4 7ii-7         C.6. 2         (W. ')  H.  1  I     414 

452 

428 

A  v<'raK«" 431 

l::UMifUMli 7^>-12         71.  r.         iW.O  H.9       835 

303 
400 

\    AxvTAKv 346 

i :  :i 1 .  ()2  79-:i         («.  9         r.3. 2  9. 1  '     360 

845  ! 
.    325  ! 


2M    I    W    I   iNf 


79a 

Til 

7Ha 


lllj^. 

UlLJ... 

&40 
Ml 
EOD 

C64 
600 
&!0 

m 

«:» 

411 
420 
474 

550 
590 
600 

435 

680 

473 
475 
509 

592 
530 
600 

486 

574 

691 
606 
730 

748 
757 
755 

676 

753 

555 
558 
596 

700 
672 
690 

669 

687 

892 
879 
424 

630 
660 
600 

398 

630 

630 
680 
610 

919 
973 
968 

640 

952 

516 
552 
5-29 

714 
790 
777 

532 

7(iO 

Av<>niK't>. 
1:1 


I  343 

I 

7'.>-S         (o.S  I       M.'2           S.4  I  400 

'  KtWS 
370 

Av«*rage 378 

1::H  (sifK'(l» K^MI         7h.S  I       77.0  8.3 


AveraKe. 


369 
379 

374 


477 
447 
477 

467 

620 
613 
680 

(KH 

495 
490 
496 

494 

493 
490 

492 


676 
661 
715 


fiOO 
6«7 

652 

K28 
793 
805 


756 
717 
730  i 

784 

642 
612 
655 

636 

970 
936 
910 

939 

845 
8:i0 
800 

825 


3fi 


570  '     570 

540 

570 


559 

762 
740 

780 


670 
662 

660 
550 
555 

688       670 


670 
671 


506 
473 

490 


445 
446 

446  i 


8TONE-8CBEENTNGS   M0BTAB8. 


Ill 


Tablb 


XIVo. — Tenmle  Hrenffih  of  the  mortars  of  i5  stone  screenings — Continued. 


lUtitj  ol  ct^mt^ni  ttt 

Yield. 

N43. 

Water 
eent). 

Ti^ii^ile  atreiif  th  (wjuniln  pet 

W»ter. 

Air. 

7     i    2S 

90 

725 
790 
HOO 
772 

700 
743 

7!^ 
WO 

m 

M 

esG 

66SE 

718 
*i77 

m 
sm 

5S7 

400 
370 

■m 

7H5 
7«J 

im 

788 

5iW 
(W7 

tJ7H 
fl7» 

576 
5f^ 
540 

5&7 

7IW 
7!« 
799 

774 
540 

410 
410 

IBO 

745 

766 
750 

760 

ma 

700 

aw 

eso 
0ao 

S3S 

650 
090 

mi 

677 

«>& 

"m 

44^ 

705 
7«0 
H05 
7S8 

760 
720 
750 
749 

472 
474 
4fl2 

m 

7H7 

77ft 
7U» 
771 
7J» 

44U 
4«H 

360 

Lll 

TM 

16.9 

{S8,S 

9LI 

317 
400 

mi 
sua 

41S 

i»5 
m 

m 

m 

M 
9» 

«^ 

367 

m} 
a30 

395 
«90 

660 
63A 

nfi7 
579 

! 

60« 
ODD 

49S 
4SI0 

4^ 

4^ 

S50 
330 

sa6 

S3T 
«G4 

700 
007 

t:|.-*-".**  '--  — 

TSMi 

Atii 

fil.ll 

a  4 

715 

|li^. 

A  f^ftmlliv  *.....««. 

706 

m 

716 

l;t  (liftecl) .  ..-,,-l' 

T^ia 

TL« 

9K0 

a.9 

9.1 

495 

A?tVljRii  »**>  ^«,«  * 

506 
498 

t:I«^,.,.^ -..• 

r*"***"'* 

i«.« 

at 

065 

685 

630 

7MI 

«^fi, 

M.a 

9*4 

m 

Hul.p* 

JLV«nw*.. .« 

531 

tti(«iito4)  —.-.-** 

79-^12 

fi,i 

mo 

8.9 

374 

AVTfhn^--''^'^*^- 

358 
380 

371 

b«. 

t^fifi         79-4 

1 

9.1 

ftlft       «U 

7M 

ATvragv..,..^..^ 

lilt 
547 

633 

790 
7*4 

777 

1:4 , ^ ,,, 

79-fl 

6S.6         :iLl 

li.4 

412    fm 

#0  :    570 
407  1    MK 

fi23 

&*.«... 

A  venc* « . , .  ^  _ . . .  ^ - 

tilfl 
Oil 

&17 

1:1  (liCtttd)  .,„».,♦ 

70.  f!         (Vyo 

H.l> 

ar.5 

^0 

a4fi 

518 
f^ 
5^ 

531 
11* 

'^ 

■280 

llM> 
4fti 

550 

510 
5Li4 

3^ 
:t*7 

377 

115 

AtCTiipe  »,•*,,.♦** 

411 
426 

LI-* ....* 

AVFIVfTtf 

1. 1'i 

•m^ 

(1«,t1 

rt©.» 

9.1 

73& 
727 

1:4 „.>.-,...- 

n-9 

<^  6         SI. « 

a  4 

609 

te.t... 

AfcmiFo- -— 

613 

l:S(jdfli!d)  , „ 

?»-ts 

mjt      fiH.a 

as 

387 

Avvtagv.... 

1 

346 
302 

112 


TESTS   OF   MATERIALS   OF   CEMENT   MORTARS. 


Tablb  XlWa.-^Tensile  slrength  of  the  mortars  of  25  stone  «Tecmn^t— Continued. 


K^fflBr 

Rutlo  of  OL^mtnt  Uj 
screenings. 

YJeli. 

Cement 
No. 

Water. 

Alr. 

Wftt#r 

cent). 

Ti*n^ie  iirength  (pounds  per 

ter 

No- 

,7 

28 

§0 

1«J 
daji. 

770 
77fi 

7*;t 

6«2 

066 

66^ 

4TZ 
473 

496] 

481 

.■ifiO 
MO 

543 

442 

470 
4ft; 

4^ 

aw 

«$& 

745 
727 

€78 

717 

fiTS 

572 
(i7« 

674 

701 
711 
6^ 
7ti(3 

HIO 

771 
S40 

807 

ATI 
-TO 

fif* 

703 

6g3 
724 

70S 

C 

tut 

1.11 

es.0 

AL4 

ft.  4 

470 
«0 

^m 
2m. 

2fl0 
250 
208 

^* 

343 
215 

^m 

:: 

SOQ 
3KS 

41« 

420 
440 

42a 

430 
410 
42& 

422 

m 
4m 

4S0 
4I» 

4lfi 

4m 

446 

ago 

817 

m 

3S» 

ft29 

ess 

&44 

4W 
475 

4m 

82Q 

1)06 

THO 
771 

fiO& 
63? 
«G0 

GOl 
413 

» 

l;4,. ..„..,. 

71! 
706 

?*-« 

e^i 

M 

se.  10.. 

Avefftg^e....,.-,- 

57S 

l;a(Hlftert) 

70-lB 

ms 

««.o 

S.« 

m 

ATtmipf  ,.*.-. -.- 

4DQ 

i:a,,, ,.„ 

1, 12          «»-fl 

n«.l 

7«.l 

0.1 

4.nl       4@2 

M& 

Av<?nig«  ,.,, 

4»3 
«5 

MS 

333 

ittl 

31S 

46. 

m 

451 
fl67 
dl7 

mb 
eB2 

625 
G60 

576 

:: 

470 
bob 

fil2 

510 
£24 

KH» 

4tO 
420 
4!S 
416 

,    473 
4S& 

47« 

714 

71ft 
734 

f>35 

4I2S 
«^ 

7DS 
Q30 

664 

71* 
76S 
7(58 

753 

ff7S 
610 
600 

62d 

64.^ 
fiOO 

fil6 

020 

667 
651 

S(?.  lU. 

VA..... 

7S-10 

.-va.B 

m.i ' 

fl.a 

411 

m 

430 
124 

l:a(sifteil» ,,... 

7*-U 

71.8 

«..o 

S.9 

M3 

»3 

M7 

I  St.   ..**     ...     .... 

..1. 

1 

M.2 

m.4 

ft.1 

B.5 

Goe 

Aveniifi^...,*.^. 

\'4              ... 

6ii 
fiif 

R<j.  VI,, 

A vt" n^x^i  .........I 

699 

1 

l3;WH|ftpih  ..,...,. .., 

7V*-14 

TL6 

riH.0 

S.9 

676 

705 

lr3_...  .._. 

1  l>l 

7*^fi 

r.rt.2 

«i.i 

9.1 
«,8 

678 

A  vi^rapi*... ,,,... 

7D6 
1^91 

8e,  l;l.. 

1:4 -,..,, 71»-10 

Avi^riiicc. , ..J ,,  -       _^  ^. 

H*H*,S 

«.. 

615 

642 
630 

h^  (jiifti-iU  ..,.....'__..... 

7U.14 

7J.e 

mo 

i.9 

633 

ATtfnurt! 

1 

i .„ 

€23 
606 

021 

STOKE-SCBEEMINGS   H0STAB8. 
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TitLv  XI  V«i, — Tengilr  tXfengik  &f  ike  Hwjriarf  aff5  tktm  H^remving^ — Ooirtinti^d* 


lUtittaf  eemetil  to 

Ylfdd. 

Cerocni 
No. 

mt«re 
AJr. 

W«ter 

Tentnei  etrengit^  (ootmd«per 

4% 

«01 

453 
410 
449 

437 

406 
SQO 

m 

flOO 

dos 

800 

390 
2*5 

301 
300 

S13 

430 
400 
471 

lei 
sso 

171 

sag 

ffi2 

300 
S07 

41^ 
424 

4O0 

371 
SCO 
Mb 

m 

2fl0 
$44 

2B 

90 

IHO 

C 

. 

\i% .„„. 

Ltt? 

n-u 

TL6 

m.i 

R.V 

622 
67* 
6201 

640 
674 

bfia 

600 
540 
612 
617 

S74 

629 
H15 

361 

»5S 

427 
460 
46B 

41S 

717 
74A 
700 

721 

GOZ 
6CI5 
570 

679 

447 
403 
41 H 

42S 

650 
580 
630 

5:S7 

450 
4.16 
447 

444 

330 

341 
329 

7m 

m 

730; 

744 

fi«5 
fi40 
710 

esa 

500 
6J« 

sea' 

5^ 
«20 

eoo 

574 

636 

4«0 
4fiO 
470 

m 

440 
420 

m 

787 
776 
UOO 

787 

^m 

730 
726 

n? 

430 
400 
460 

427 
fll5 

\m 

Gil 

425 

460 
3»5 

420 
337 

ago 

37/ 

666 
046 

6§0 

664 

666 
560 
691 

4ao 

440 
4S6 

466 

tfTG 

660 

666 
690 

67» 

385 
396 
390 

S70 

766 
764 
T71 
767 

T04 

eao 

700 
696 

442 
425 
460 

412 

601 
570 
636 
565 

44M 
100 

41*4 

42.'. 
376 
4112 

411 

57t 

m 

M^ 

l:l ...i 

*»>iV4>.l 

?»-is 

«,0 

iW.* 

&3 

674 

hi  (mud)  .„-„-* 

i«^ 

ms 

«7.« 

a» 

i 

697 

l;l 

i;4- >— -^^ 

1.12 

7!Ma 

m£ 

64.8 

%.% 

S 

1.. 



1MI 

71.4 

a&a 

i.» 

4lfi 
436 
492 

146 

I' IS  fMlftM)  .......^# 

n^ 

n,* 

fiao 

ft.9 

490 

Awnif^>.>*,«4«>» 

4« 
460 

4«8 

.ll  j|'t  ■  ^.  *  *  n «  o  -  ^  •  #  ^  '  ^W 

jlrenm^ .-< 

LC6 

7»-^ 

mA 

M.8 

a.9 

870 
*t42 

ki. 

7*-22 

71, « 

i*.a 

t$.3 

7tt 

!..> 

A  vwmfi" ....  It ...  < 

741 

7«» 

1:3  (riftfid)  * *. 

l^U 

70.7 

i^,0 

8.9 

367 

Avwncv*.  «■■>.. 

364 
406 

37« 

1:$ 

l.t» 

7»-W 

71. ft 

NI.7 

1.9 

m 

6«1 
6S3 

6S16 

1; 4- ,,.,.„.,-. 

* 

ms^ 

n8.9 

6.3 

4S7 

?<. 

Afiffiu<ifr....- 

465 

m 

443 

1:>(ilft«d  ]........ 

1S&^ 

7«.H 

a2.i 

».« 

487 

ATcfbie..  *..*.. 4 

478 
084 

496 

116 


TESTS  OF   MJkTESlALB  OF  CEMElTr  MOSTABS. 


Tabuk  Xr\'^. — <.4«[pnewnr  Mrm^  *j/  tke  wtorimn  </  £S  ticme  wDiimmgm—CkynthitxBi, 


YseH. 


WaUT. 


per 
xnt*. 


OBfamtTT  savoftli  i;  ptmndi  pm 
dajm.    dA3r&    dftys.  •  djiys.  dajfs. 


8e.  8. 


.Se.  4... 


i.'-i 


LI*  ?»-l         <».y        <N.T  v»     2.  a 


:3»-T      n.*      ««.2        >-3 


13   *ift€d 


:»-w       :»».7       >.o        v9 


1:3 


1.09  TV2         T4.«         «L2  S.» 


AreTHK*;  - 


7»-9         n.2        6?^0  K.S 


Avemife. 
1:3  .sifted 


7S-16         7l».7         70.0  8.9 


::i 


Averaffr . 
1:4 


l.Oh  7S^3         74.8         6rt.2  8.9 


7?*-y         71.2         to.O  8.3 


.\verHK<' 

:3 1.02  7^3         69.8         r.7.6  8.9 


.\VlTHg*'  . 


7^10         70.7         52.0  8.3 


Av»THKt' 


Avi-niKr 


Average 


e 

1.11 

7**-3 

09. 8 

r,7. 6 

8.9 

7'»-10  , 

1 

70.7 

.S2.0 

8.3- 

I? 

1,5U 
1.572 

1,587 

1.500 
1.570 
1.4S6 

1,»S 

2,750 
3.025  : 

3.087 ; 

2.«S7 

2,185 
2,212 
2.3S5 

2,244 

1.8G2 
1,210 
1.365 

1,312 

3,225 
3,625 
3,375 

3.406 

1,612 
1.660 
1,760 

1.677 

2,450 
2,250 
2,525 

2.406 

1,S62 

1  1,487 

1,262 

1,370 

3,725 
8,525 
3,462 

3,571 

1,700 
1,662 
1,555 

1,639 


3.410 
3.375 
3,162 

3.316 

2,575 
2,€S25 
2.750 

2.650 

2.025 
1087 

i,9es 

2,015 

4.712 
4.512 
4.8& 

4.683 

3.550 
3.687 
3.630 

3,622 

1.870 
1,M5 
2.060 

1.965 

5.632 
5,382 
5.925 

5,639 

3.450 
3,257 
3,612 

8.439 

3.927 
3,570 
4,362 

3,953 

1,706 
1,837 
1.965 

1.842 


4,U&  .S.190  5,46! 
4.500  5.508  I  5,S8( 
4.595  I  5,055  !  5,58 

4.410  ,  5.251  '  5,45! 


3.312 
3. 570 
3,n7 


4.070  ,  4,6« 
4,370  i  5,14 
4.320  I      "" 

4.253 


2,950 


2,460 
2.098 
2,650  i  2, 

2,408     2.919 


6.688 
6.198 
6,618 


6.a» 

5,775 
5,578 

4,338 

4,388 
4,475 

4.384 

1,765 
1.985 
1.760 

1.833 


6.450 
6.235 

6,342 

3,463 
2,812 
8,078 

3.118 

4.213 
4.450 
4,438 

4,367 

2,048 
2,000 
1,976 

2,008 


5,250  7,200 
5,025  7,183 
5.517  i  6,925 

5,264     7,086 

3,137  ,  4,900 
3,000  4,500 
2,776  I  4,600 

2,971  '  4,638 


6,600 

5,193 
6,020 
4,875 

6.029 

2.^0 
2.413 
2,338 

2,334 

8,328 
8.800 
8,805 

8.&I4 

4,175 
3.908 
4,193 

4.092 

4,915 
4,993 


4,801 
4,8H 


4,95i 
2,476 


2,500 
2,488 

8,160 
8,445 
7,538 

8,048 

5.813 
5,143 
5,670 

5.342 


•2,771 
2.500 
2,621 

2.fla 

5,900 
5,877 
6,2?0 

6,01« 

5.27S 
5,081 
4.9M 

5,106 

2.900 
2. 560 
2.88 

2.751 

7, 860 
7.8!8 
8,101 

7,806 

4,S« 

5.121 
5,0M 

4,901 

6.6M 
6,166 
5,84( 

6.19e 
4,4a 

4,a« 

4,2Ji 
4.2M 

8.831 

8,8K 
8,854 

8.8« 

5,33: 
5.401 
5,801 

5,6» 
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feaUti  til  t'usm^skt  tti 

Yield. 

Orancoit 
No, 

TenxH 

?nLtiire 

cent). 

Kqllareiiieli). 

Wiitcr. 

Air. 

7       as 
dajn.  days. 

90    I    ISO 

S60 
t!fty«. 

\ 

n>i_ .,...,. 

i.m 

^•^ 

e&o 

«t4 

K» 

34S 
SOD 

30S 

%n 

373 
380 

S33 
333 

40fi| 
iJ» 

ano 
an 

34& 

;i70 

4H& 

4«i ; 
Am 

m 
431 

400 

4a^ 

467 
423 

442 
S72 

361 

ses 
no 

47Ji 
31^ 

642 
fiftO 

.soo 

507 
53fii 

Ml 
561 
fi4A 

604 
600 

660 

b&& 

687 

6n 

573 

fl.. 

7»-tfT 

iW.0 

(Iia4 

450 
4tf6 

Ui^ „ ,   ,_ 

L 12        ^^^s 

m.fl 

112 

701 

738 

Afwntn 

500 
513 

41.-1 
I4S 

4:10 
5^ 

im 
mi 

60S 

f«0 

615 
6Ho 

51T7 
650 
fiOO 

7ao 

716 

4S6 
485 

4S9 
090 

two 

656 

6,'»& 
720 
722 

6W 

026 
660 
fA5 

76S 
781 

.SI.. 

lU 

tnH0 

fiffS 

71.  a 

hl% 

trl, - ,.„ 

m 
ml 

718 
731 

713 

».. 

til., ....,..„„,„.     1»M0 

n.4 

fi,« 

as 

651 
690 
674 
^73 

1 

Av^m^pv^- ..'-^i. , 

rt.« 

as 

«.» 

546 

602 

6M 

Table  XIV6. — Oompresaive  Mrenyth  of  the  mortarx  of  u*o  stone  screenings. 


^    Ratio  of  cement   vi«m  '  Cement 
^^       to«creenings.6  1^'®**'-;     No. 


Temperature 

(°F.). 

'  Water. '    Air. 


Compressive  strength  (pounds  per 
Water  Hquare  inch). 

( per 
cent). 


I... 


1:3 


69.0 


r.8.7 


Average . 


79-8 


Average 

1:3  (sifted) 1 7^1.'> 


Average . 


7           28 
days.    days. 

90 
days. 

180        360 
days.   days. 

2.375 
*2,  tk^O 
'2,()37 

3,580 
3,950 
3,620 

4,740 
4,795 
5,038 

5,458     6,000 
5.073  ,  5,662 
5,327 

2,.>54 

3,717 

4,858 

5,263 

5,663 

1,862 
1,987 
2,000 

2.337 
2. 262 
2,100 

3,435 
3,475 
3,400 

3.563 
3.758 
3,788 

4,875 
4,260 
4,750 

1.949 

2,23? 

3,437 

3,703  ;  4,625 

1,175 
1. 152 
1,287 

1.617 
1,540 
1,467 

1,715 
1.500 
1.670 

2,150 
2,»S6 
2,213 

2,750 
2,400 
2,575 

1,205 

1.541 

1,628 

2.239 

2, 575 

For  details  of  field  origin  of  samples  of  stone  .screenings  see  pp.  93-106. 

In  tests  marited  "sifted*'  the  stone  screenings  used  were  through  No.  10  and  over  No.  20  size. 
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TESTS   OF   MATERIALS   OF   CEMENT  MORTARS. 


Table  XIV6. — Compremve  strength  of  tfie  mortars  of  25  stone  i^tTepnintjit — Oonlinued. 


Se.  'I 


Be-  S 


Com|jref«ilveiiirf.-n}^th  ifrimtids  jurr 
sqiiiirii  inch). 


Se.  4. 


Se.  5 


Se.  6..., 


1.700 
J,5ft6 


3,410 
3,  £76 
3,1G2 


4,1^ 
1,500 
i,m6 


3,316     4,410 


3,750 
2,660 

1,03A 

a.0S7 
1,1)62 

2,015 

4,712 
4,»)2 
4«62& 


S,BI2 
3,571} 
8,717 

3,460 

2,098 

&,776 
5,fi7B 


s,a50 
s.e»7 

ff,eso 

4,186 
4,476 

a,  622 

4,3M 

1,870 
l,»t5 

a,oso 

1,765 
1,760 

1,965 

l,S3a 

5,m 

"».'456" 
6,235 

5,63» 

6,312 

6.466 
3,257 
a,  612 

3.46JJ 
2,812 
3.07h 

3,139 

3,U* 

3,927 
4,362 

4.213 
4,4»J 

3,953 

4,3^7 

1.706 
1,837 
1,985 

'A04fi 
2.000 
1,S76 

Um2 

2.008 

5,250 
5.025 
5.617 

7,200 
7J33 
6,»25 

5,264 

7.086 

3,187 

3.0QO 
2,775 


2,971    4, 


|4,«« 

'  4,riOD 
4,500 


180    I   360 
daft,  jdttpi 


D.19a  5.4^ 
5,605  5,3^ 
&,0U  5,625 
5,251  '  5.457 


4,070 
4.370 
I,XI0 

4,3S3 

2,960 

2,*B8* 
2,9t« 

6.688 
6,193 
6,618 

6,500 

5.193 
5,020 
4.  §76 

6,009 

2,2.^ 
2,413 

2,338 


3,32B 
8,HO0 

3.614 

4JT6 
3,9(fi 
4,193 

4.0^ 

4.915 
4,903 


4.954 

2,476 


I,frl6 

5.125 
4,300 
4,^5 

2.T?5 
2.500 

2.633 

5,900 
6,«77 
6,270 

6,016 
5.3178 

6,10& 

2,900 
2,660 

2,m 

2,T5§ 

7.H5& 
7p3T5 
§,li^ 
7,ft05 

4,538 
5.125 
5,00 

4,901 

6,590 
6.166 
5,SIQ 
6,196 


2.500 
2,4S8 

s,iflO  »,mi 

8.44-5     3,1 
7,638     »,H9« 

8,043  '  H.flSt 


5.313 
5,143 

6,570 


5,  £75 
6,400 
■SSOO 

5,^ 


STONE-8CBEEN1NOK    MnRTARS. 
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Tahuk  XtV^* — Obmprtwirv  dr^nglk  of  the  morfar^  nf  ^5  atwir  i(fT#e»in^ff-^.Vjntmtiedi, 


Xo* 


I 


KiL^o  of  eement 


L*I. 


YfeliL 


tw 


1J», 


l:S{MfU^l>. 


Avei]i««, 


11  i. 


J    tJ 


A  ^pfligv . 


l:i «, 


rt:i* 


1:4, 


l:;ti«ifl«d|. 


I 


1:»... 


LIS 


1.11 


1.12 


Cttmeiit 


19-1 


79-rt 


T^iit 


79^ 


7*-l! 


TIM 


IV-ll 


79-17 


TIM 


1^12 


7»-ia 


Tempera  tuiv 


W«i».     Air, 


lP».a 


70.7 


71.  ft 


W,l 


n.« 


m2 


87.6 


Cp«r 


S.p 


7^1.  D 


65.0 


H.f 


S7.a 


fi&.0 


&1,2 


^.9 


7ua 


56,0 


(5«.o      m.*i 


70.  a  '     flo.a 


».$ 


70.0 


«l.4 


79-17 


70. '2 


h.O 


et^a  ' 


7 


41.9 


SK 
da^ 


US75 
l,7a& 
1,830 

1,!^19 

997 
S50 

904 

927 

«t7lI7 

%Mi 

1,306 
1,4IS0 

1,982 
2,ft7fi 

2,SltS 
US12 
1.4£a 

760 

S&7 
816 

3,760 
2,5^ 

2,  MO 

796 
750 


7^ 

fl®7 
0O5 

l,Ji7 
1,082 

»A 

9S5 
90& 

i.e^ 

1, 71-2 

i,aoo 

1,613 


2,787 

2,wa 

2,79» 

1,602 
1,652 
1,030 
l,f>i8 

1J62 
1,042 
1,135 

ijia 

4h27& 
a,«7& 
4,47& 

4»2Cie 

2,«Q0 
Z,«55 

2,7^1 

4,075 

4,3S0 
4,ia7 

2,700 

a,&ao 

2,M7 
1,075 

l.Wl 

S.737 
3,41)0 

B,5lti 

2,007 
2,090 
1,900 

2,om 

1,000 
1,112 
1,000 

1,087 

2,000 
2,156 
2,000 

2,062 
1,540 
1, 410 

i,r>i7 


dAjTJf. 


i35S 
4,520 
4,4J0 

I4aa 

2,260 

2,a3H 

2,308 


1J15 
1,250 
1,1^7 

5,fi2n 

^417 

5,514 

a,  250 
3.500 
a,32D 

5,^250 
5,212 


8,500 
3.4IV5 
3,788 

1,225 
1,3.W 

1,304 

4,582 
4.670 
4,900 
4,717 

2,380 
2,475 
2,250 
2,852 


dnyik   ilays. 


5,5W 
a,  000 
5,27B 

2,205  I 
2,91» 


s,4e» 

5.fiM 
Ji,137 
5,402 

8,175 
8.800 


2,  475  I  3, 100 
2,  8-'S3     3, 192 

l,4li$  1.000 
,....-.  1,875 
1,525  I  ],e5(» 

1,469     1,M2 


5,tf45 
*i,475 


4.6M& 
4.700 
4.450 

4,612 

6,113 
5,f^ 


4,aO0 
3, 70S 


5,  r,75 
5,7^ 
5,375 

5,571 

6.050 
6,7-£& 
5,900 

b.mi 

5,5U0 
6.525 
5,500 

1,000 
4.500 
4,e75 


i,oe9  ^  4,ri*ja 

1,310  I  1.350 

ua.V>  1,225 

1,876  l,,'j,W 

1,3U  1,37?> 


7,513 
7,275 

7,3*1 

2,763 
3,220 
3,025 

3.004 


1.H50  f  1,675 
i,^ih  1,500 
1,8§8  1,5JW 
1,88S     1,5H5 


8,155 
2,926 

8,002 

2,338 
2,225 
2,075 

2,218 


'  8,32S 

2,270  3,5t3 

2,075  I  8,513 

2,171  !  3,150 


S,0i3 
3,«S8 

3,757 

2.505 
2.<i75 
2,760 

2,740 


6,ti52 
6,»87 
6,677 

6,805 

8.100 
^,500 
3,175 
H,2M 

1,475 
1.400 
1,250 
1,376 

4,^50 
4,825 
5,060 

4,908 

3.725 
4,050 
3,S75 

3,B13 


2,  ties  4,300 
2, 713  4,  %^ 
2,560     4,325 

2,030  I  4,392 
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TESTS   OF    MATERIALS    OF   CEMENT   MOBTABS. 


Table  XIV6. — Compressive  strength  of  the  mortars  of  fS5  stone  sert^mfid* — 0>nti 


Regis- 
ter 
No. 


So.  12.. 


8e.  1:J.  . 


Se.  14  . 


Ratio  of  cement 
to  soreeninirs. 


1:3. 


Averaf?e . 
1:4 


Yield. 


1.18 


Cement 
No. 


79-6 


79-13 


Tempemtore 


WfttPf.  I    Air. 


n9,a  '    0013 


fW.O  ,      73l4 


A  verafce 1 | ..  „ 

1:3  (sifte<l) 79-18        <P*.0        «l.i 


Average . 
:3 


Averago . 


Average  . . 
1:3  (sifted)  . 


Average . 
1:3 


Average. 
:  1 


Average , 
::^ 


Average . 


Average  . 
:3  (sifted. 

Average . 


1.04  I        79-6         l$.U  ,      KJ.SJ 


7^13         I'lMJJ 


1.07 


79-18      m.a 


79-14         70.' 


^2 


^.0 


Average 

:3  (sifted) '      79-18        G\ii        TAli 


Water 

(per 
cem). 


A^i 


I 


•I- 


g.3 


N.V 


a.  a 


)«.0 


1.12  79-7  7(1.  Jj         N.a  S.tt 


.     7'M4      7KT I    tiy.o ,      8.;i 

I  ■         \ 

. '       79-19         tip.S  I       m,'2  >*.» 


CofiippeHsU^e  strength  (pnut 


7  ^  W     ]    1M> 

dnpL    dnya^    day«,   dayi. 


2,ftl2 

3.0DO 

2,775 

l.fiTR 

1,5©0 
1,4ilfi 

i.a&'i 

1,360 
1,37& 

ipSn 

2,700 

1.23f7 
1,20& 
1,260 

hm 
hm 

1,402 
l,GO& 

1,601 

2,900 
9.000 
2,725 

2.042 
2,0Ba 
2,030 

2,C&1 

l*B7ft 
1,777 

i^boa 

I.SIO 
1,732 

1*747 

0^ 
*7fi 
»12 

016 

1,200 
1,050 

J.  177 

lil^ 


4.  ,925 
4.470 

I.MO 

M7S 
5,302 
5,St2 

0.108 

6,208 

4,498 

5,290 

6,m 

X,OQ0 
2,«62 

3.050 
3.050 
3,fl43 

4.176 
4,100 

2,929 

a,  713 

4,13g 

1,585 

1  I.0SO 
2,0110 
2,086 

1,633 

1,775 
1,775 

1.500 

2.00s 

1,72* 

1,560 
4:2^ 
4,1» 

6,  OSS 
5^260 
5.015 

5,53S 
5.000 
5,650 

4,409 

l>.097 

5,m 

2,275 
2,200 
2,l»7 

a.  475 
3.138 
3.  ODD 

3,350 

slofio 

2,221 

3.301 

6,200 

2,0&^ 

2,W7 
2,277 

'2,568* 
2,7^*1 

2,?75 
3,105 

2,13a 

1  2,673 

3,010 

4,760 
4,fifiO 
4,560 

5,730 

6,610 

6, 125 
5.9^0 
6,0W 

4,617 

5,722 

{!,042 

2,880 
2,aS7 
2,«)5 

4,045 

4.660 

2.081 

i,092 

4,576 

3,277 
2.2S0 
2.200 

2.:*j 

3,25iO 
3,075 
3.313 

2,242 

2,500 

3,313 

2,800 
3,087 
B,225 

5,500 
5,4a5 
6,225 

4.688 

3,  oar? 

5,387 

i,6sl 

1,038 
«7 
MO 

1,438 
1,400 

1,000 

l,a73 
1,725 

«&4 

1,27W 

!,«» 

2,200 
2,08? 
2:025 

2.6--a> 
2,520 

3,733 

■2.m 

2,l«7 

ai672 

2.700 

STONE-SCHEEKtNGS   MORTARS, 
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Tajuj^  %lVK^^Q»mprrjfgif'£  drengih  of  Uie  moriara  of  3f5  ^ont  »<Te^inin^t( — Conliniiefi* 


K" 


^v. 


( 


lif. 


'■-  --  ff"-*!!  •»<•%»»* 


l:»iidfl«1)  .. 


Vidd. 


hm 


i»-7 


7^15 


7tf-lf 


l:*..„, J    Itia 


i»-r 


1:4 


7»-l4 


T«tnpetiili]Fc 


Wnu-r. ,    Air. 


ma 


tUfl 


iR.« 


^i 


mo 


cent). 


aB.3 


ms      iH,3 


V<L7 


ATf^milif  - 


,....       I3fl^ 


A  VPtl|tf£,..  *»..,.,.. ., 

n:t. ..«>.. LUi        7»-aD 


A¥€fsc« **,,.,.., 

It4 L-^.4^J     Ttt-sHJ 


Avenfc... 


^11.. 


1:1. „.  '    1,M 


Tfi-ao 


ma 


«a6 


in,« ;    1^0 


L  s        ^.0 


m«  I    72 J) 


7!M  .'      71  A 


II,.,. 


rt^. 


It-lft 


1»-lfi 


A««racv. 


LH 


AvellK«- 


Tima 


0».« 


mo 


&9 


aa 


il,9 


0.9 


«.» 


a.  9 


«,s 


a.vi 


11,9 


a.3 


7 


I 


mo  I    71IJ1 
I 


79^:15  I 


1,390 

1. 4;i7 

1,800 

3,2B7 

a:.lS7 
2,075 
2»4U0 

2MI 
1,112 

1,051 

3.  HO 
2^02S 

1,0'^ 
2,275 

2,a21 

It  512 
l.tiOO 

IM^ 

1£,25U 
2,mT 
%^^ 

2,2(10 

l.e37 
1,7]'^ 
l,7fi2 
1.704 

1,7150 

i.im 

1,585 
1,085 

2,fiH5 
2,a05 

2,5»fl« 

2,«>0 
1.9H 


29  90 


3,  BOO 
3,41^ 

5,7ao 

3,671 


5,3fia 
6,4K) 
5,tiU0 
.5,2S2 


2.062  2,9fi3 

3,2yo  a,  lie 

2,2lf2 

2,2(^1  3,06d 

2,1t;5  J.40O 

2,2S7  'J,2h0 

2/i76 

2,220  2,340 

4,125  4,47g 

3,74n  4*  42ft 

4,200  4,633 


4. 0-23 

4,512 

2,2(>a 
2,0Ul) 
2,2?! 

3,320 
2,fl75 
3,050 

2,1.^7 

3,115 

2,750 

a,ou^ 

8,47ft 
3,375 

2,STEJ 

>,400 

3.362 
.t,(W7 
S,132 

5,016 
4,7^ 
<6S3 

a,  177 

4,813 

2..=iO0 
2.567 
2.2S7 

3,2.^ 
a,  275 

^451 

3,202 

3JSSS 
3.4fi.=i 
3.452 

4,010 
1,2,W 
4,325 

a,  367 

4,19ft 

a,7fi6 
4.000 
ShWO 

4,a.^7 
4,960 
6,067 

3.7^3a 

4,901 

2,676 
2.  aw 

2,etf7 

3,560 
3.576 

3,e» 

2,624 

S,fll0 

2,517 

4.038 
3.ff2ft 

2.656 

3.851 

4.]^ 
4.U'i 

a.a37 

5,40S 
5.4*i« 

4,073 

6,S&0 

»,440 
3.3.H2 

3,aio 

4.2S« 
4,370 

a,  an 

4,329 

im  !  3IH} 

G,2S5  j  e,5i7 

4.7&0  7,610 

I.t72  !  fi.'SO? 

3,650  4,726 

3,7M  '  5,000 

3,^i6  I  4,075 

S.642  4,«r0 


],3,SH 
1,305 
l,S90 
1,392 

5,^10 
6.61ft 

5,  313 

S,S53 
3.61S 
3,778 
3,750 

3,250 
2,«i6 
2,)*7fj 

3,017 

6,443 
fi,208 
6,013 

6,221 

4,276 
4,  IfhH 
4,025 

4, 154 


2,aoQ 

2,975 
2,900 

2,892 

6,*J2& 
7,J00 
6.»00 
6,n6 

3, 2711 
I1.S25 
1.050 

3,3S3 

3,876 
4,050 

3,98a 

6,900 

6,500 
6,&«2 

4,475 
4,800 

4,3fi0 


4,77^  I  4,400 
4,9t}0     4,J100 
4,d25 

l,60B 


5,225 
4.967 


5.605 
5.000 
5.713 
5.459 

4,aOO 
4,538 


3.175 
S.510 
3,676 

3,520 

5.100 
4.tt7ft 
5.0iH) 

4.918 


7,075 
6,050 
7,150 
6,758 

6,150 
5,675 
5,700 

5,Ei42 

4,250 
4,475 

4,225 

4.317 

6,126 
0,500 
6.450 

6.ST6 


3,612  6.37& 
JI.63L  5.400 
3.976  I  5^375 

S,71f  I  s^ai 


120  TESTS   OF    MATERIALS   OF   CEMENT    MORTARS. 

Table  XI V6. — Compremve  strength  of  the  mortars  of  25  sUme  serffninfjif — Cotilfnu^. 


Regis- 
ter 

No. 


Ratio  of  cemeut 
to  HcreeniiiKS' 


Yield. 


8e.  21. 


Average . 
1:4 


Se.  22.. 


Average . 
1:8  (sifted) 

Average  - 
1:3 


Average. 
1:4 


8e.  28.. 


Average . 
1:3 


Average . 
1:4 


Average . 
1:3 


8e.  24.. 


Average . 


Average . 


Se.  25. 


1.14 


1.06 


('emcnl 


7V-2fl 


1.12 


Water, 


Wk7 


Air, 


Water 

{per 
eent). 


10         a.  ft 


7^26        70,7 


79^^ 


70.7 


79-M 


09.  S 


71WM  I      09,8 


79-3r7 


79^7 


t».ti 


m.a 


m.% 


70.0 


70.0 


79-l»  I      ew.  rt         62.  B 


70-4H         08.  H         02.  fl 


13a-C0  I      71.fli      09.1^ 


I 


Average ' „ .  .**...*.  *.*,.„. 

1:4 I    13:W(}        71-ft  I      i't&.i^ 


Average    . 
1:3  (sifted)  . 

Average . . 


a  3 


7 


K9 


S.9 


6,3 


8,9 


8.3  ' 


H.O  I 


1,6S7 
1,733 
1,537 


i,in 

1,2S0 
1,1£7 

1,168 

1.M7 
1,875 
1,«40 

1.401 

2,088 

2.500 
2,520 

2,fi6S 

2,013 
1,900 
],9&& 

1,960 
l,fi43 

i,6ao 

1,JM3 
1,405 

i.aas 

1,380 

l,BSg 

i,es5 


H.3 


13:Mt>  I      71, e        ttW.6  S.9 


l,S3i! 

%3 
925 
97S 

055 

3,070 
3,390 
3,34» 

3,SIG 

3,000 
2,82& 
2,efi3 

3,a»t 

1^763 
1,885 
1,7^ 
1,810 


33  90 

<!■>'■.    dayi. 


9«535 
2.400 

2t302 

1,880 
1,90S 
1,725 

ItBSS 

3,420 
2,573 
2,250 
2,414 

4,061 

4,050 

4,oa2 

4,071 

3.300 
H,335 

3,22S 
2,926 

2.  sea 

2,S70 

2,296 
3,392 

s,sm 

2^355 

2,900 
2p588 


2,744 

1,700 
1,^5 


I,S12 

1,150 
4,2&e 
4p42& 

4,277 

3,002 
S,U2 
3,1S2 

3,lt2 

2,066 
1.950 
2,125 

2,063 


3,470 
3,725 
S.iS.'JO 

3,675 
2.578 
2,733 

2,062 

3,3TJi 
S.250 
3,37S 

a,33fi 

«,1CS 

0,263 
8,307 

4,763 
1.000 
4.075 

4,040 

8,7«3 

3.705 
3,783 

3,704 

2,978 
3,2fta 
3,033 

3,097 

3.IM} 
2.943 


3,011 

2.2«a 

2.12a 


2,198 


4,550 
4,850 


180  '■  dm 


8,887  I 
4,t19 
3,837  J 

3.94J^ 

3,350 
S.425 
3,432 

3,390 

3,050 
4,137 
3.570 

3.7B7 

7,550 
7,222 

7,375 


5,8m 
5.270 

5,142 

4,m 

4,1(10 
4,  IS& 

4,376 
4,780 

8.055 


4,WK) 

4,700 
4,750 

4,750 

4,225 
4,512 
4,350 

2,862 
3,112 
3, 0-26 

2,910  )  4.217 


8,  £09 

0,050 
5,960 
5,425 

5,W8 

5^8QD 
5,01S 
5.175 

5^0W 

4.490 
4.1«0 
4.100 


3.950 
3,450  ' 
3,rt7&  ! 

3,092  I 


4.750 
4.575 

4.858 


2.525  I  2,500 

2.750  ,  i,e» 

2.050  I  1,759 

2,742  I  1, 968 

5.350  ;  0.600  ,  0,800 

4,e.'iO  ;  «,a75  '  6.635 


0,275  .  «,40a 
6,417  '  6.  OSS 


5,175     4,9S0 

4,125  4.&')0     4.350 

4,575  I  4,900  I  4,560 

4,350  1,675     4.01T 

2,750  2,600     2.M)0 

2.050  2,6^^     2.»0 

2,975  2,725  ,  2,750 

2,792  2,n7     2,800 
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Tablb  XI  Vc — 7Wmfrvr«e  tirenffth  of  the  mortars  oftS  done  screenings. 


Soyi 


to  Ki«enliigi.k 


[!:■. 


U2. 


VJcUt 


l.M 


No. 


la^ 


rr) 


Water. 


71.* 


m-T 


09.  i 


Air. 


64.2 


W*ter 
(per 

cenl). 


Avenffc. 

ft:S 


8I.S. 


ATcnige. 
1:4 


1.10 


18S-8 


U»H» 


09.8 


65.4 


68.0  < 


Atviage.. 
l:S(rffl«l). 


Avenge. 
rl:» 


IC.4.. 


1:4 


13&-18  j      80.6 


1.00       188-10 


80.6 


66.2  . 


l»8-ll  I 


70.7 


Be.ft. 


Average. 

1:3 


l.OK       1S(-12 


Average 

1:4 ' 133-W 


63.5 


Average I 

1:8  (sifted) |    1.H3-14  | 

Average 


I 


78.8 


fr.6... 


1:3 1.02  I     133-16 


Average 

1:4 ' 133-16 


67.1 


Averagt*. 


9A 


8.4 


8.7 


9.1 


8.4 


8.3 


Tiftfurvec^e  strength  (potitid*  pair 


7 


648 
TOG 
7^ 


504 

sn 

MO 

756 
7M 

«m 

7§0 

666 

730 
678 

793 
A76 

690 

864 

720 
900 

838 
AH 


AM 

&I8 
702 


612 
!J04 

4(jn 
n04 

4Sa 
4^ 


38 


1,131 
I*€«0 
1,09« 

I.IH 

90O 
788 


46li 


738 


819 

1.170 
1,224 
1,116 

M70 

1,044 
990 

1.0«0 

i,oas 


612 

720 

790 

1,906 
lp098 


720 

900 

816 

1,116 

1J16 

9&1 

U062 

MO 

684 
660 

540  I 


586 

1,080 

972 

1,116 

1.066 


90 
daya. 


1.530 

1»440 

1,410 

1,2» 
1,170 


I 


99<; 

1,008 

93r> 


1,197 

l,4Sg 

1,S84 
1,464 

1,188 

990 

1,080 

1,0«S 

918 
1,008 


i,fiao 

1,300 

1,260 
1,380 

1,1^ 
1,206 
1,OBO 
l,1li8 

1.242 
1,11(1 

i,i.sa 

1, 170 

864 
936 
954 

918 

936 
864 


900 

].lfl« 
1,278 
1,116 
1,IS2 

J,-224 
I.ONO 
1.350 
1/Jia 


ISO 


1,188 
l.^CM 
1,584 

i,n3 


d«yi. 


U4D4 

1,401 
1,422 

1,410 


I  l^lGft 


i,iGa 

1.581 

i,.6ao 

1.548 
1,5B4 

1,423 
1,433 
1,440 


1,868 
1.580 
l*3ft2 

1.410 

1,296 
1,280 
1,S43 

1^366 

1,2» 
1,152 
1,044 

1,140 

1,564 
1,6^ 
1,602 

hfm 

1,206 
1,152 
1,814 

1,224 

1.170 

hXVl  I  1,3.^ 

1,241!     J,:^ 

1.248     1,374 


918 


1,478 
1,422 

i,sai 

1,408 

1,476 
1,512 
1,566 
1,518 

1.4U4 


tf72 
848 

900 

1,026 
972 
900 

966 

1,368 
1.968  I 
1,212 


K82 
900 


972 


1,044 
1.008 

1.440 
l.-'ili 

1.440 


1,326     1.464 

1,116  !  i:ssit 

1.296     1.2r>0 
1,3K8  I  U3(;H 


•  For  detallfl  of  field  origin  of  flunples  of  stone  ncreening  see  pp.  93-106. 

»ln  test*  marked  "lifted*'  the  stone  screenings  nfle<l  were  sifted  through  No.  10  and  uver  N 
iiF. 

lJ)n5— Bull.  331— OS 1) 
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TESTS   OF   MATERIALS   OF   CEMENT   MOBTABS. 


Table  XIVc. — Trantrverse  &trmgih  of  the  mortars  of  f5  gUme  screenings — Continiiwi. 


Ratio  of  cement  i  vjom 
to  soreenliiRB.      ^*®'*^* 


Cement 
No. 

Temperature 

Water 
(per 
cent). 

Water. 

Air. 

13         1»4^ 

75.2 

72.6 

8.9 

7 
daj-B. 


Se.  IH.. 


•m 

"720 
612 


TranflveTBe  strengrth  (pounds  per 
square  inch). 


1:1 Vih-'l 

77.0  ' 

76.1 

s.:t 

A  VtTHK*' 

1:3  (sifUHl) 

AvoraKt* 

...   .'      I!*.-! 

7H.h! 

HO.  6 

M.9 

1 

828 
846 
756 

810 

680 
540 
W2 

564 


dajrs. 


1.026 
990 
900 

972 

936 
954 
&18 

846 


702 
738 

706 

918 
774 
972 


666 
900 
900 

822 

1,062 
1,116 
1.260 

1.146 

1.260 
1,368 
1,314 

1,314 

1,278 
1,188 
1.188 

1.218 

864 
846 
864 


90 
da>'8. 

180 
days. 

800 
dava 

1,162 
1,026 
1,062 

1.098 

1,008 

936 

i*ia 

l.OM 
1.1* 

1,080 

1,014 

1.1* 

828 
918 
792 

612 
576 
680 

1.8SI 

m 

.846 

006 

1,071 

774 
828 
918 

792 
792 
828 

911 
8« 
9Q( 

840 

804 

m 

1,224 
1,260 
1,188 

1.368 
1,440 
1.882 

1.88( 

1.224 

1.380     1,411 

1.188 
1,206 
1,184 

1.332     1.S83 
1.278   

1,176 

1.306    1,8S 

1,224 
1.868 
1,242 

1.278     1,441 
1,868     1,441 
1,386     1.471 

1,278 

1.344     1,4.'9 

1.530 
1,584 
1,656 

1,368  '  1.67^ 
1,548  ;  1,61 
1.764    

1,590 

1,560  !  1.6M 

1,350 
1,382 
1.2U6 

1.332  '  ].!» 
1,386     1.0« 
1.350     1.0« 

1,299 

1,356     1.<W 

1.062 

1,044 

996 

1.116 ;  i.oai 

1.080  '  1,]U 
990  1  l.ldf 

1,014 

1,062 

..« 

^z 


iTONE*St^EEENlNG8    K0RTAB8.  123 


I1     |1#«..  4*^*1 


lJ, 


l;l 


[lif.. 


Hi., 


]:Si»lf|iwl1. 


ll£lL. 


J.I..**...*. 


tiL.t 


It*. ....... 


ttai 


1,13 


Cftmeiit 


Tcmpermtnje 


WAter. 


i3a-» 


7iil 


6ft.« 


71. « 


LIS     T^i^a ' 


m? 


LM      t3M« 


Ta? 


73  J 


70,7 


1»4-1 


TU.i 


1.^7  I 


Uf4-2 


Air. 


74,  a 


7L« 


(M.O 


71.6 


74.1 


74.« 


73,5 


titer 


»a 


ft.a 


ae 


9^1 


(t,S 


8.0 


9.1 


77.0  I 


71^19 


77.0  I      7«.S 


».a 


7*.  I        74. »  ' 


8,9 


Tmnrrvnv  Htroiwth  (twutida  iter 


0qtiMtQ  1 


T 


5©' 
4A6 

44til 

49SI 
S0« 

an 

4xe 

8A4 

«m 
l(4» 

»7« 
«M 
#4A 

^i 

rttM 

900 

Jill) 
TTf 
720 


6§4 

646 


738 
?iO 

7H 
792 

§76 


dityn. 

BO 

lao 

MO 

7!I0 

?oo 

774 

S64 
774 

m 
m 

t£EB 

0&4 
000 

79§ 

iS2 

91»|       t27 

MA 
SI2! 

TOT 

n4 
m 

mi 

W4 

Gat 

im 

MO 

gro 

m. 

I'M 

1*401 
1,290 
1,3118 

1.39« 
1,224 
1.224 

m 

i,m 

1.^ 

1,3iS 

$100 

him 

U29I! 

1,404 
1,404 

LOW 

I,  SOS  .  1,44a 

1,42:1 

WO 
»3d 

hm 

U044 

IJ7U 

i.m 

IplTD 

i;iM 

1,170 

1.4m 

i.ifla 

um 

i,m 

a«2 

H4rt 

t,4lOl» 

uno 

J, 044 
],01M 

*tM> 

w» 

l,0«)S 

1,014 

urn 

1.4W 
1,440 

1,4V 
i;422 
1,&12 

i.lM 

l,a6S 

1.9&6 

],^&4 

HID 

»A4 

1J70 

Uafio 

U170 

l,39i 

W4 

1,200 

i/m 

1,832 

»1S 
U€Ofi 
UOK» 

1,008  1  1,170 
I,0e0     1.090 

ooe 

1,002 

1,030 

1,162 

iJofl-y 

1.314 

1.27fl 
l,S6e 

1,404 

1,0S& 

1,30B 

U33S     1.377 

7W! 
936 

him 
ije2 

1,312     I.m 
l,2il     l.WS 
1/.*PG     1.242 

8^ 

lJ7fl 

U2m    i.im 

tied 

ilQ 
V73 

WO 

i,oao 

i,m 
i.oeo 

937 

#70 

1,003 

i.oea 
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TESTS   OF   MATERIALS   OF   CEMENT   MOBTABS. 


Table  XI Vr. — Tra'Mf)er8e  strength  of  the  mortars  of  t5  tUxne  9artm\in^—Goniinw^. 


ter 
Wo. 


Hi».  n 


tn  KTeeningfi. 


Yield. 


mpen 


WBierJ   Air. 
I 


"S.'i  ' 


Wftter 

(per 
cent). 


Avtrmgu . 
l;4 .-, 


TO,7 


!?e.  H.. 


Avt?rage . 


l:a 


I       I 


I^fv4 


1\w\ 


76.  t 


7T.0 


77  Jl 


lM-f» 


A¥i^r*MfK„»*_ «-,... 


TJi.i 


HK6 


T.v-rl 


i\  vi*rHjfr . . . . . 
l:t%...., 

.        L.IHl 

lltrwi 

TH.ft  ■ 

K-i,! 

h  B 

hi..., 

A  VrfMKI',  ,.11. 

UiS-2 

■";;■ 

TfJ,l 

.^Ji 

H^vpm^i' 

\W^ 

1 

MU.« 

K.W 

ri.9 


TruiBTeTic  Htrpiifftli  fponn^  p^i 


7 


g.8 


7% 

720 

7W 


^0 

Hn 

496 

7^ 
774 

730 

tm 

738 
73ft 


918 
97S 


756 
3i^ 


2S 


1,096 


9f>4 
&18 


681 

70S 

774 
77^ 


666 

900 
900 

B22 

1,062 

t.iie 

1,260 
1J46 

t,2S0 
t,36K 
K314 

t,SW 

1,278 

lJ8a 
1,218 

864 
646 
864 

86« 


90 


1,006 
1,063 


918 

79a 

«I6 
774 
»1A 

1,224 
1,260 
1,188 

1,324 

1,168 
1.306 
1,134 

1,176 

1,224 
1.866 
1,24S 

J,?7« 

t.Aao 

L564 
],«56 

1.590 

i,3ao 

U333 
I«306 

1,299 

1.062 

t,CH4 

996 

l.OU 


dajiL 


l.OK 
1*006 


1.014 

613 
676 
680 


7^ 


801 


1,440 
1,332 


1,»S 

1,276 


«ao 

1,11 
l.Oi 
l,U 

l,U 


l.tfT 

6i 
99 


1,44 
l.M 

1.41 

i.3i 


1.3 


I 


1,44 
1,44 
1,47 


1,376 
1,3(»  , 
1,»6 

1,344     1,4.'! 

1,366     1,67 
1,548  I  1,63 

1  '«*  I 

1.560     t,«S 

1.14 
l.M 
1,W 

l,Oi 

i,as 
Uli 

1,15 

1,062     1,06 


1,333 
1,£46 

l.SSfi 

1,8S* 

1,116 
1,080 
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iii(»rtar  from,  sin'ngth  <»f  «i.'). 70.75 

physical  pr(»p<'rtirs  of .W.iiO  «ii 

■'^^^-■-'■— '\ 

sill  in 77   I 

unifonnity  coelTldent  of 7s 

Cincinnati,  siiiid  iiftir    No,      .  .iiialysis  i)f. 

d3rjfrr;jm  showing 'A) 

mnul  noar  (No.  ,'>),  doscript iofi  <if 44 

nmrtar  from,  strength  of r»:{.ii.s.7;< 

phy^iik'nl  f'^^^|»^^ll^".  of .V>.i'i<V.<iI    i 

plato  showing 42  j 

silt  in 77 

unifonnity  cocUk'iont  of 78 

('olinnl)us,  '.  itn.i    uruvi'l  fnmi  fNo.  .'O,  anal-  \ 

ysis  -'I   iJingTjiui  stK^witi^.' S5 

gravel  from  (No.  3).  do.scription  of si  82 

mortar  from,  strength  of s<>.Ol 

Iihysical  properties  of .W.fil 

plate  showing 80 

silt  in 77 

unifonnity  coelTlcient  of 78 


Columbus,  Ohio— Continoed. 

sand  from  (No.  3),  azialyais  of,  diagram 

showing 

deacnptLoa  of         

moH&T  from,  strength  of 62, « 

phyartftfll  properties  of 59,<ll 

platfl  showing.         

fiUtJn.  

uni/onrilty  cfwfnd^rit  of 

stone  from  ( Nn .  ^ }  t  ^n^l  y^»  of,  dlagrsm 

showing,         

description  of »      

inc^rtnr  from^  strength  of 114. 

pU  to  showing,  

rtlltill  

iiiUformlt  J  oopiWirifnt  of 

CumpreAsion,  tests  Iiy  i 

Compreiflive  strengths  topt^  of 2.; 

SteaiwSAnti   CJmvd;  Stone. 

T>«nslty  niiUtlon  of  strength  and 

Desplalnes  River,  aaiid  from  (No.©),  ana  ly- 
sis of,  diagram  showing 

sand  from  (No.  9) ,  description  of 

mortar  from,  str^ngi  h  of M,®, 

phy^cji!  propertieiiof S9,fl0- 

plato  showing 

silt  in 

m\\ f" n I ; i  I  V  o<:»AliiclHit  of 

Drake,  ^f  i  ^ ,  >ji  1 1  ]  from   No.  22^  analysis  of. 

diagram  showing 

sand  from  (No.  22),  description  of 51- 

mortnr  from,  stre-Uglh  of 07.72, 

lihysifjit  properties  Qf 59.ro- 

jitate  shovi'ing.         

siltin  

unifonnity  ctjeflldimt  of 

Erie,  Lake,  gravel  from   No  JOi  analysis  of. 

(iijLijram  shfi  tt'iniu       

gravel  from  (No.  10),  description  of 84- 

mortar  from,  strength  of 9ci. 

pUy&icjil  prof^^ni*^-^  of 59. 

plate  shoeing 

silt  in 

Mriifnrmlty  eoedkdent  of 

Fox  Uiver.    It  .  aund  frf*m  (Nn.  G),  analysis 

of,  ihiigram  showing     

sand  from  (  No.  *.i}   dt'prrtpti« m  (»f 44 

uiorta   from,  stnmgth  of ti:i.ti8 

ItliyikMil  proprrtirH  of .W.«if> 

plate  showing 

silt  in 

imifdniuty  C'HHh^i'-Fit  of 

sand  fronj  (Nc).  7),  analysis  of,  diagram 

showing 

th'^crtpti^mof         45 

niortur  fri»m,  stmigth  of ti.{.  GO 

phynlcal  jirojw^rtieH  <if 59.  flO 

plate  showing 

silt  in 

itnifoTttii  y  coeflleiimt  of 

sand  from  (No.  8),  analysis  of.  diagram 

shoifving 

<le^scription  of 

mortar  from,  strength  of 63,69, 

physical  properties  of 59.00 
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Ffe«e. 
Pcok&Itik;  111,- Cant  LQtt^. 

■■■■I  JHiiii  <Ko.  S>~Contltiiiad. 

Jliif^dfwliig,  44 

ittttn.  77 

imlfonnitjcoeiTlcifint  of 78 

Mn  ^tj,n.^fr-.pi>   V'v4),aiial7iUof, 

dlagnm  aliowlzv 105 

■tone  from  (No.  4),  description  of 06 

mortar  from,  ■treoflrth  of 110,116,121 

plkjs(cia  prop«*rtit's  of 60,61 

plfttfl  showiiig,         04 

tfltln.  77 

iBllonTtttf  coemd^nLof      78 

imMiungs,  plttt«  fthowing 104 

^  Ho,,  ttour  from  (No.  17), anal- 

y^<i(^<lt«|:r]im  fthonrlng^ 100 

■UMwfrom   Nor  17 s  lU-si'^itpiUin  of loi 

mortar  from,  atrength  of 113,110,124 

fllfritolprnp^nir^of 60,61 

plate  ataciwin^.         104 

dtln n 

mdfbrmity  coefficient  of 78 

Ommlamietrle  analyses,  canrra  of 53- 

54,86-87.106 

carves  of ,  figures  showing 45, 

48, 50. 52,  iU.81,8S,86,04,06,06, 100, 102, 105 

making  Of 53,86,106 

Onvd  screenings,  absorption  penentage  of.       50 

floOtiTtkai  0f .  80 

dflotftyof 61,70,87 

desciiptlon  of 80-86 

grundarmetiic  analysts  of 86 

corresof 70,86-87 

figures  showing 81,83,85 

phrstaUpropfrtiyjor   60.61,79 

physical  test i  of,  3-4.86-87 

TOftWrip  of.  mcthnd  of 86 

plates  showing 54,80,82.84.86 

rilt  in,  analysis  of 77 

prff^nuif^  t»t  59 

ipidBB  ^Tity  of.        59  I 

OrilBnBltTc^fHimHt'ntfior. 78.87 

Wright  *>f  .W.79  I 

firjvel-jtcreenings     mortar,     compressive  i 

strength  of 7W.HS.«I  «ni  I 

r-oniprnwrive  strength  of,  varintion  of, 

vrith  age 91-92 

rlenflity  of 8S-H9  I 

physical  tests  of 87  «»2  \ 

iifililT^of,  mvttkolof 87  SS  ■ 

mimmar\'  of X8  '■■ 

tensile  strength  of 79. 88. 80-«)0  i 

v«  rlntloti  of,  with  age 8!V'.«j  , 

t(»ztscer«#  strength  of       79  j 

rniirormity  coefllcteiits  of 7S  | 

Oreenfleld,  Olil*>.  ston^from  fNo.22i,  aniil- 

>  *i*  of .  diitgfwm  uhowinff 98 

stnne  from  < Xo  liL'i  rteseripthin  of 104  | 

mortar  from,  strength  of 1 14. 120 

[ihj'^flj^a]  properlle?;  of 60.«>l 

plate  showing.        106 

iditin  77 

cintlormltycfiefndent  of 78 

fTlllslioro,  Ohio,  stone  from  (No.  21),  anal- 

yri*  of,  diagram  fihowlnjir 94 

strifi^  from  (No.  21),  dejicription  of  . . .  ia'i-104 


Pue. 
Hillsboro,  Ohlo-Continoad.  • 

stone  from  No.  (21)— Ckmtlnued. 

mortar  from,  strength  of 114 

pliytJiui  prnprrlira  of 120 

phite  showing  106 

siltLn 77 

imlfoTmliycoemdCDt  ol 78 

Hoffman,  Mo*,  stone  from  (No.  15),  analysis 

of  diogmin  »bi>wicig^ 

stone  from  ;  No.  15>  description  of 101 

mortar  frt*m,  St  rength  of 113,118 

physicsl  properties  of 60,61 

plat^  showings         102 

silt  in 77 

uniformity  coeflkdent  of 78 

InvpstigHt^on,  njitu7Band«3it«ritof T 

JopIIn,  Mo.,  Htone  from  f  No.  r;] ,  analysis  of, 

dlsgram  showing 105 

stone  from  (No.  6) ,  description  of 00^ 

mortar  from,  strength  of 111,  116, 121 

physlciU  propeniaa  of 60, 61 

pinte  showing,         06 

aljtln. 77 

iitifforrnii  V  4-irwWTlf'(Hnt  of 78 

Stone  from  (No.  7) ,  analysis  of,  diagnun 

showing 100 

description  of 07 

mortar  from,  strength  of....  Ill,  117, 122 

physk'iil  propertiefi  of CO,  61 

pUile  showing 06 

slltin 77 

uniformity  coefficient  of 78 

stone  from  (No.  8) ,  analysis  of,  dlsgram 

showing 100 

description  of 97 

mortar  from,  strength  of 111,  117, 122 

phyi$leaJ  propert  i(?H  of 60,  61 

plju«  showing 98 

sUtin 77 

uniformity  coefficient  of 78 

stone  from  (No.  d)  aofilyiilK  of,  diagram 

Eihowhig  102 

doncrlption  of.        97-98 

morttttfrom.  rtrangthof Ill,  117, 122 

phyBkuJ  prop0rtle«i  of fio, 61 

plate  showing 98 

silt  in 77 

uniformity  coeflldeitt  of 78 

stone   from    No.  lOi    analysis  of,  dia- 
gram dhowtng 100 

ilt^seripUon  of  98-99 

mort.ai.r  from.  i^trBngth  of 112,  117.  122 

piiysff^il  propertt*!?*  of <iO,  61 

plate  showing *98 

silt  in 77 

uniformity  coefficient  of 78 

Kankakee,    II.,  liiLuni^lruiit  No. IS),  analysis 

of,  flfii^rnm  h'.  ■■- '-r^       98 

stone  from  (No.  18) .  description  of. . « .  101-103 

mortar  from,  strength  of 114, 119, 124 

physic^  properties  of 60, 61 

plate  showing  104 

silt  in.  77 

uniformity  coefficient  of 78 

Kansas  ('Ity,  Mo.,  sjind  from  (No,  1),  anal- 
ysis of,  diagram  showing 48 
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Kaosas  City,  Mo.— Continued.  Page. 

sand  from  (No.  1) ,  description  of 43 

mortar  from,  strength  of 62, 67, 73 

'^t'ik'f  i^iu-tkl  \tt\ji>briiL^s?  of 50,  60-61 

plate  «how1n|^        40 

sUtin n 

uniformity  coefficient  of 78 

Kansas  Tlty  Uo.,  fltonc  from  (No.  12) .  anal- 

ystft  oft  diagrwin  Bhowlni: 96 

stone  from  (No.  12)  dcseriinion  of 99 

jnortArfrom,  streuelhof 112,118,123 

phy  sicol  properties  ot «o,  61 

pint*  Bhowlttg  100 

sUtin n 

uniformity  coefficient  of 78 

Kansas  River,  Hand  from    No^  '£  ,  analysis 

of,  diagram  showing 50 

sand  from  (No.  2) ,  description  of 43-44 

mortar  from,  strength  of 62, 67,  73 

phjejcui  prrjpeniCB  of 69,  60-61 

plate  ?ib  awing  40 

■=f*T  J'T  n 

uniformity  coefficient  of 78 

Kentucky,  Kenton  County,  sand  from  (No. 
10),  analysis  of ,  diagram  show- 
ing         45 

Kenton  County,  sand  from  (No.    10), 

(iicscriptioti  of     44V-47 

sand  from  (No.  10),  mortar  from, 

strength  of C+-d9 

ph--i.-lrT,.r...rl,„.  of 69,C0-«1 

plate  showing 46 

sUtin n 

tinJftinnity  coelQri&nt  v( 78 

Libert yville,  111-  nind  from  (Noh  9  i  ,  analysis 

of,  dlngntm  showijiji    .S2 

sand  from  (N'o«.  9)    detacriptjon  of 40 

mortti  r  f ntm  ►  ptrangth  of 04,  GO.  74 

phy»iriJ  propiTtlca  of fl9.fi(M>l 

plate  »ho^iiig  44 

ertlln  77 

tinifonuhy  <:f>cfnci(*nt  of 78 

Limestone  screenings,  plates  showing 94 

9(>,  100. 102. 104. 108 
Lornin,  Ohio,  gravel  from  (No.  10),  analysis 

of,  fliugriLni  nh owing 81 

gravel  from  (No.  10 >.  description  of 84-85 

mortar  from,  strength  of 00.92 

ptiysiiui  properties  of 50,01 

plate  showing     84 

silt  in 77 

imiforinlty  coefficient  of 78 

Loveland,  tJhlo,  gntv^  trpui    No.  4).  analy- 

et^  of,  diagram  shcwtnjir 81 

gravel  from  (No.  4) .  description  of 82 

niort^ir  from,  strength  of 89.91 

phystl^l  properti'  s  of 59.01 

pj*t«  Showing  80 

alltin  77 

iinlTormJiy coefficient  of 78 

Ludlow.  ICj    grmvel  from  (No.  G'l.  analysis 

of,  diagram  showing 83 

gravel  from  (No.  0),  description  of 82-83 

mortar  from,  strength  of 8S»,9l 

physical  properties  of 59, 61 

plate  shov^ing 82 

silt  in 77 

^^       imiformit  v  coefficient  of 78 


McCook,  111.,  stone  from  (No.  19),  analysis 

i  of ,  diagram  ahowing -^ 

I         stone  from  (No.  19) ,  deecription  of 1.  4 

mrvfur  from,  strriigth  of 114, 119.  B^ 

physical  properties  of 60,     * 

plate  showllif  M^* 

dltln,  

I  iinifonnil  y  cf^fficlent  f>f 2 

I  Meramec  H I v«r. gravel  from  (No.  1),  analy- 
st nuf,  dlitgrom  ah  oviltig S 

gravel  from  ( So.  I  > .  dcAori  piictn  of SO 

mortar  f rum  riftrvngth  of 81.89 

physical  propcrUi^s  of 50,  €1 

plate  sbowtl^  54 

I  flUttn  77 

uniformity  ooefficl^t  of 78 

gravel  from  (No.  2> .  anatynlsi    of,    dia- 
gram showing  81 

ddacriptlon  of  80 

mortar  from,  »trpngth  of 89,91 

physical  propertieg  of 50,61 

plaUiabowing 80 

siltin.  77 

imif ormlty Cft^fflt i*nt  of 78 

sand  from  (No.  21),  analysis  of,  diagram 

showing 45 

description  of. 51 

mortar  from,  strength  of 67,73 

physiciU  propcrtlev  of. 50, 60-61 

ptole  showing^  52 

niltin.  77 

uniformity  coefficient  of 78 

sand  from  (No.  22) ,  analysis  of,  diagram 

showing 50 

dafcription  of. 51-52 

mortar  from,  at  renglh  of 67, 72 

physical  prqpertlear  of. 59. 60-61 

plate  showing. .'»2 

silt  In.  77 

uniformity  coefficieiit  of 78 

Missouri    Buchanan  County,  stone  from 
(No.  13).  analysis  of,  diagram 

showing 98 

Buchanan    C-ounty,  stone    from    (No. 

1.3),  description  of 99 

atone  troiu    .\i'^  i.^,,  mortar  from, 

jitningth  ol 112,118,123 

phyaicjiJ  properties  of. 60.  61 

plate  showing. 100 

silt  in 77 

uniformity  eouffteieal  of 78 

Jackson  County,  atone  from  (No.  14). 

nnoly alff  of ^  diagrattt  sh  owl  n^^ . .      103 

stonfr  from  ( No.  1 4  ]   de«crl  p  t  i  oii  of .  99-100 

mortar  from,  st length  of.  113, 118, 123 

physijc^l  pfopertlfffl  of. 60, 61 

plate  showing. 102 

siltin 77 

uiit fo rmiiy  coefficJctn t  of 78 

Missouri  Klv^er,  siiiid  from  (No.  H.  analysis 

of.  dlHgftim  showing.  48 

sand  from    N^.       description  of 43 

mortar  from,  stretch  of 62, 67, 73 

physlenl  propertias  ot 59. 60-61 

pljute  Ahowfng..     40 

fiilt  II.  77 

uniformity  coefficient  of 78 
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ATM  formatloii.  Mad  from   (No.   11). 

uuJjmLb  of,  diagram  ahowing . .       52 

MDd  from  (No.  11),  deacription  of 47 

morur  ftom.  strength  of 64, 70, 75 

plijrvie&l  propertiM  oL 50,6(^1 

ptA.it  ahovtn^^^ 46 

ailtln 77 

oniformity  coefficient  of 78 

land  from  (No.  12), analysis  of,  diagram 

ahowing 54 

daaerf  ption  of. 47 

moriAT  from,  si  nngth  of 64, 70, 75 

phy^cal  pfopenfes  of. .       50, 60-61 

pblle  iikowti^  46 

mtfn  77 

tmffotmltf  eottflidrait  of 78 

of*h**^imf  B«7rHa.fSrmT»llrcim  (No.  1), 

\,  i[:-^\$  oi  liiaeTiLm  &hov,\ne . .       83 

grsTcl  from  (No.  1 ) ,  description  of 80 

mortar  from,  atieogth  of 89,91 

phyBlc&L  properties  ot 59-61 

pLtklc  Jbowing.. 54 

sUtin n 

unitonuJty  coeflllctaDt  of 78 

Qftar.  strength  of,  determination  of. 7-8 

oasDe,  Mo.,  gravel  from  (No.  2),  analyais 

of ,  diagram  ahowing 81 

gravel  from  (No.  2),  deecription  of 80 

mortar  from,  strength  of 89,91 

pbyBic^al  propertiei  of 50, 61 

ptate  lowing.     80 

milTt  77 

ri^iif.irTTi  jt  V  wwimHt-nt  of 78 

sand  from  (No.  21) ,  analysis  of,  diagram 

showing '...       45 

lieacflptiuu  of        51 

morlar  ttom,  rtreiij^h  of 07, 72 

phyikial  propcrtJe*  of 59,  fiO-61 

plate  showing 52 

riltin 77 

oniformity  coefficient  of 78 

Hiio  iLner  imai-.i  uum  \SkK  ,i.i,  analysis  of. 

dtii^tvn  ihowJng  50 

■and  from  { N>.  S) ,  d«»cr(ptioD  of 44 

morta^r  fnom^  stu^ngth  ol 63,  fiH.  73 

pt^yufcal  pr^jpertJea  of 50,  (iO-61 

pUte  filiovrlng 42 

Jiiltin,  77 

miformity  coefficient  of 78 

Ottawa,  in.,  aand  from,  description  of 52 

sand  from,  plute  .-showing ,  54 

t^flateriiumljerH^eiplJinattonof 8 

t(%ailBa,  tU.,sAnd  from  (Mo. 6), analysis 

of,  dliigraiuiih owing 50 

aand  from  Mo.  0>,  descrtption  of 44-45 

MBMtf  iEttm,  fltratigtti  of ri3,  ('>8, 74 

pfcfii— I  pfopettiBa  of .'Hi.CiO-til 

pUie  Mhowf  tig      42 

wtktin  77 

nilfoffsdtyeoefflcleDt  of 78 

t  Clair  River,  Ontario,  gravel  from  (No. 
0),  analysts  of.  diagram  show- 
ing        W 


lM«e. 
St.  Clair  River.  Ontario— ConUnned. 

gravel  from  (No.  9^ ,  description  of 84 

mortar  from,  strength  of 90,92 

phj'sjc^id  properttif?^  of 50,61 

plate  showing 84 

satin 77 

umfonnltycoefficieiitof 78 

sand  from^  (No.  Ji*!,  analy'vls  of.  dia- 

graiQ  flhowing .  48 

desetlptionof.  .-» 47-48 

mortar  from,  ttnmgth  of 65, 70, 75 

physk&l properttea  of 59,60-61 

plate  showing iS 

siltin 77 

uniformity  coefficient  of 78 

sand  from  (No.  15) ,  analysis  of,  diagram 

showing <& 

desfriptioii  of 49 

mortar  from,  strength  of r»5, 71, 75 

phj^ait^ii  ppopertif^H  of 50,60-61 

plate  showing 48 

siltin 77 

uniformity  coefficient  of 78 

sand  from   {Ko.  l&)^  ^n&\ynh  of,   dia- 
gram showing.       54 

description  of  40 

inortur  from,  atroti^b  of 65, 71, 76 

physicaJ  propertie* of 50, 60 

plate  showing 50 

siltin 77 

uniformity  coefficient  of 78 

St.  I^iUa.  stoup  ffom  (N.i-    ),  analysis  of. 

diagram  ahowing      96 

atone  fn^m  (No.    )  .dpscrlption  of 93 

roortAf  from.  Btirngth  of 109. 115 

phi'siriil  propertip-^  of fi0,61 

plate  showing 86 

siltin 77 

MHifnnriity  coOllieii'TU  of 78 

stone  from  (No.  2) .  analysis  of,  diagram 

showing 69 

description  of 93-94 

mortar  from,  strength  of 110. 116. 121 

physioul  prnpprti()!9  of 60.61 

plute  showing      94 

siltin  77 

iinifnnnity  foerfle^ftnt  of 78 

stone  from  (No.  3) ,  analysis  of,  diagram 

showing 94 

4k'arTi|:it  luit  ni  94-95 

tnoriiir  from,  ifitiTiigth  of 110,116,121 

phyAit'iU  prnpQrti^H  of 60, 61 

pLate  showing       94 

siltin  77 

imifonnJty  coefficrknt  of 78 

stone  near  (Nr>.  tt>,  analysis  of.  din- 
gram  ^howU^g 94 

ijesorf  ptlon  of        99 

inortn    from  strength  of 112,117,123 

phystcui  protMnnipw  of 60, 61 

pi ut^  showing,      100 

BlJtls  77 

uniformity  cooflklfitit  of 78 

Sand.  riis-fMirptlon  peivcntage  of ^  A 

tolleotion  of 42-41^ 
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Page. 
Sand— €k)ntinued. 

denaityof 66,«>-eo,78 

deicriptlon  of 43-^ 

granulannetric  analysis  of 53 

curves  of 53-55,78 

figures  showing 45,48.50,52,54 

physical  properties  of 50-61, 78 

physical  tests  of 53-^56 

making  of ,  method  of 53 

plates  shovidUg 40,42,44,46,48,50.52,54 

silt  in,  analysis  of 77 

per  cent  of 60 

specific  gravity  of 60 

uniformity  coefficients  of 55^56, 78 

weight  of 50 

Sand  mortar,  compressive  strength  of.  57,  G7-72. 78 
compressive  strength  of,  variation  of. 

with  age 1-2. 25-2f..  32-34 

variation   of,    with   age,    diagram 

showing 27,34 

density  of 3, 58-^,  60-61 ,  78 

physical  tests  of 1-2,56-70 

making  of,  method  of 56-57 

summary  of 57-58 

tensUe  strength  of 57,62-07,78 

variation  of,  with  age 24. 20-30, 34 

diagram  showing 24,34 

transverse  strength  of 67. 7^76. 78 

Scioto  River,  Ohio,  gravel  from  (No.  3),  an- 
alysis of,  diagram  sho^^ing 85 

gravel  from  (No.  3) ,  description  of 81-82 

mortar  from,  strength  of 80,01  i 

physical  properties  of .'>0,61  j 

plate  showing 80  | 

silt  in 77  I 

uniformity  coefficient  of 78 

sand  from  (No.  3),  analysis  of.  diagram 

showing .52 

description  of 44 

mortar  from,  strength  of 62, 68, 73 

physical  properties  of .W,  60-61 

plate  showing 40 

silt  in 77 

imiformlty  coefficient  of 7S 

Sibley.  Mich.,  stone  from  (No.  2.')).  analysis 

of,  diagram  showing 98 

stone  from  (No.  2.')) .  description  of 106 

mortar  from  strength  of ll.'i.  120 

physical  properties  of (4).  fil 

plate  showing 108 

silt  in 77 

unifonnity  coefficient  of 78 

Springfield,  Mo.,  stone  from  ( No.  .'>) .  analysis 

of,  diagram  showing 105 

stone  from  (No.  5) ,  description  of 95 

mortar  from,  strength  of 110, 110. 121 

physical  properties  of 00,  01 

plate  showing 96 

silt  in 77 

unifonnity  coefficient  of 78 

Stone,  strength  of,  report  on 4-5 

Stone  screenings,  absorption  percentage  of. .        00 
collection  of 93 


1^ 
Stone  acreeningf— Continoed. 

denaityof 61,79,10(^ 

description  of 03- 

granulannetric  analysis  of 

curves  of 70, 

figures  showing..  04,06,08,100,102, 

physical  properties  of 60,61 

physical  test  of 106- 

making  of,  method  of 

plates  showing ...  04, 06, 06, 100, 102, 104. 106, 

silt  in,  analysis  of 

percentage  of 

specific  gravity  of 

weight  of «C 

Stone  -  Rcrsenlngs     mortar,      compressive 

.   strengthof 70,108.115- 

compresslve  strength  of.  variation  of. 

with  age ll.v 

density  of 

physical  tests  of 107- 

making  of,  method  of 

summary  of 108- 

tenslle  strength  of 70, 107-108, 100- 

variation  of,  with  age. lOO- 

transverse  strength  of 4, 70. 108, 121- 

varlation  of,  with  age. 121  - 

Storage,  character  of 

Strength,  tests  of 

variation  of,  with  age.  See  Cement; 
Sand  mortar;  Oravel-screenlngs 
mortar:  Stone-screenings  mor- 
tar. 
Sylvania,  Ohio,  stone  from  (No.  24),  analy- 
sis of ,  diagram  showing 1 

stone  from  (No.  24) ,  description  of 104-1 

mortar  from,  strength  of 115,1 

physical  properties  of fiO. 

plate  showing 1 

silt  in 

imiformlty  coefficient  of 

Symmes,  Ohio,  sand  from  (No.  4),  analysis 

of,  diagram  showing 

sand  from  (No.  4) ,  description  of 

mortar  from,  strength  of (V2.68 

physical  properties  of .59,  ro 

plate  showing 

silt  in 

uniformity  coefficient  of 

Tensile  strength,  tests  of 1- 

See  also  Sand;  Gravel;  Stone. 

Tension,  tests  by 

Tests,  character  of 

Transverse  strength,  tests  of 

Sf.e  also  Sand;  Gravel;  Stone*. 
Utica,  Mich.,  sand  from(No.  17).  analysis  of. 

diagram  showing 

sand  from  (No.  17),  description  of 

mortar  from,  strength  of 66. 7 

physical  properties  of 59. 0 

plate  showing 

silt  in 

uniformity  coefficient  of 

Voiils,  relation  of  strength  and 
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REPORT  OF  THE  UNITED  STATES  FUEL- 
TESTING  PLANT  AT  ST.  LOUIS.  MO., 
JANUARY  1,  IDOtKIUNE  30,  1907. 


Joseph  A.  Holmes,  in  charge. 


INTRODUCTION. 

By  Jos%vn  A,  Holkes. 
WORK  DONE, 

The  authority  for  cxjntmuing  at  St,  Ijouis,  Mo.,  the  investigation  of 
the  fuel  values  and  possibilities  of  the  coals  and  lignites  of  the  United 
SUt€s,  is  contained  in  the  act  of  Congress  making  appropriation  for 
lb  sundry  civil  expenses  of  the  Govemnient  for  the  fiscal  year  end- 
in^  June  30,  1907,     This  act  provides— 

For  the  crmtiniiBliou  of  the  auaJyzing  and  tef^ing  of  the  coals,  lignites,  and  other 
miniral  fu»4  tfubsflance?*  bekmgin]^  Uj  the  Unittd  States,  in  order  to  determine  their 
M  ^Tilue  and  m  forth,  under  the  ^upervbion  at  the  Director  of  the  United  States 
Gndcigical  Survey,  t^i  bo  immediately  available,  twi>  hundred  and  fifty  thousand  dol- 
J«s;  Provid^i,  That  in  e^iaminatLon^^  hereby  aiithi»rized,  of  fuel  materials  for  the  use 
trf  Uie  Government  of  the  United  States,  or  ffir  the  purpose  of  increasing  the  general 
efficiency  or  available  supply  of  the  fuel  resources  in  the  United  States,  the  Director 
of  the  Geological  Survey  may  have  the  necessary  materials  collected  from  any  part  of 
the  United  States  where  they  represent  extensive  deposits;  and  it  shall  be  the  duty  of 
the  Director  of  the  Geological  Survey  to  have  examined,  without  charge,  the  fuels 
required  for  use  by  the  Government  of  the  United  States,  and  to  give  these  examina- 
tions preference  over  other  work:  Provided  further  ^  That  in  publishing  the  results  of 
tHeae  investigations  the  materials  examined  shall  not  bo  credited  to  any  private 
party  or  corporation,  but  shall  be  collected  and  described  as  representing  such  exten- 
sive deposits. 

The  provisos  in  the  above  act  limiting  the  examinations  and  the 
manner  of  publishing  the  results  of  tests,  by  prohibiting  the  men- 
tion of  private  parties  or  corporations  furnishing  materials,  necessa- 
rily changed  somewhat  the  general  operations  of  the  fuel-testing 
plant,  especially  in  so  far  as  such  operations  were  related  to  field 
collections  of  samples  for  testing. 

This  appropriation  became  available  on  July  1,  1906.     The  present 
report  includes  operations  for  some  months  prior  to  the  enactment 
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of  the  above-quoted  legi^ation,  but  in  view  of  the  fact  that  the  pub 
lication  of  the  results  is  provided  for  in  this  act  it  has  been  ruled  b; 
the  Department  of  the  Interior  that  no  mention  shall  be  made  o 
names  of  private  parties  or  corporations  furnishing  materials,  evei 
though  such  materials  were  furnished  and  tested  prior  to  the  enact 
ment  of  these  provisos.  The  appropriation  above  recited -covers  thi 
period  from  July  1,  1906,  to  Jime  30,  1907,  but  this  report  covers  thi 
period  from  January  1,  1906,  to  June  30,  1907,  inclusive,  or  until  thi 
date  of  removal  of  the  fuel-testing  plant  from  St.  Louis  to  Norfolk 
Va.,  and  to  Denver,  Colo.  In  point  of  fact  little  testing  was  carriec 
on  subsequent  to  March  31,  1907,  because  of  the  dismantling  of  thi 
St.  Louis  plant. 

During  this  period  the  scope  of  the  work  has  been  largely  confinec 
to  a  series  of  comparative  tests,  made  as  nearly  as  possible  under  imi- 
form  conditions,  on  samples  of  bitmninous  coal  and  lignite  collectec 
from  different  fields  of  the  United  States.  The  samples  accepted 
however,  in  accordance  with  the  limitations  already  indicated,  hav< 
been  so  chosen  as  to  be  representative  so  far  as  possible  of  knowi 
extensive  deposits,  and  thus  have  typified  a  fewer  number  of  fields 
Moreover,  the  tests  have  been  made  more  conclusive  by  using  ii 
them  larger  quantities  of  coal  of  the  same  sample  or  type,  the  tesU 
when  occasion  demanded  being  extended  over  longer  periods  of  time 

The  plant  in  which  the  investigations  were  carried  on  has  remained 
at  its  original  location  in  Forest  Park,  St.  Louis,  Mo.  The  installa- 
tion of  the  plant  has  remained  practically  as  reported  in  Bulletin  No. 
290,  and  included  a  chemical  laboratory,  a  boiler  and  engine  house, 
a  storage  and  washery  building,  two  buildings  for  briquetting  pur- 
poses, a  drying  plant,  and  three  full-size  beehive  coke  ovens,  all 
except  the  chemical  laboratory  being  the  property  of  the  United 
States  Government. 

The  equipment  of  the  plant  during  the  period  covered  by  this 
report  has  remained  much  as  it  was  during  1904,  and  as  described  in 
detail  in  Bulletin  No.  290  and  Professional  Paper  No.  48. 

In  March,  1907,  all  active  testing  of  fuels  at  St.  Louis  was  discon- 
tinued and  the  fuel-testing  plant  dismantled.  The  sections  of  steam, 
producer-gas,  and  briquetting  were  transferred  to  a  new  plant  erected 
at  Norfolk,  Va.,  and  the  sections  of  coking  and  washery  were  trans- 
ferred to  a  new  plant  erected  at  Denver,  Colo.  The  remainder  of  the 
fiscal  year  was  occupied  in  this  transfer,  so  that  practically  no  inves- 
tigations connected  with  active  fuel  testing  other  than  field  and 
laboratory  w^ork  were  in  progress  from  March  to  the  close  of  the  fiscal 
year,  June  30,  1907. 

Most  of  the  experts  who  conducted  the  investigations  diunng  1905 
have  remained  in  charge  of  the  tests  to  the  close  of  the  period  here 
covered.     No  general  committee  has  been  appointed  by  the  Director 
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of  th^  G^ologic^I  Survey  to  oversee  the  operation  of  the  plant,  as  ia 
19114  tuid  1005,  the  entire  ilirection  of  the  plant  being  12:1  ven  over  to 
the  pxp4?rt  in  charge,  reporting  immediately  to  the  Director. 

Thi*  ilivision  4*f  fuels  was  consolidateti  with  the  division  of  struc- 
tural materials  ami  with  some  miscellaneous  investigations  into  a  new 
branch  of  the  Geological  Surs^ey,  the  technologic  branch,  by  order  of 
ih^  SetTetary  of  the  Interior,  April  2,  1907.  The  administrative 
aiiire  was  established  in  Washington,  and  to  it  was  removed  the  offi- 
dftl  headquarters  of  both  tli visions  above  named,  which  had  heretofore 
Wn  at  St.  Louis.  The  permanent  organization  in  Washington  there- 
hiWr  embraced  the  expert  in  charge,  Joseph  A,  Holmes;  the  chief 
tMifineer,  H.  M.  Wilson,  w^ho  in  the  absence  of  the  expert  in  charge 
assume^s  his  duties,  and  necessary  eflitorial  assistants  and  general 
clerical  force  engaged  in  correspondence,  records,  supplies,  shipments, 
(W^ounts,  etc. 

From  the  Washington  oihce  directions  are  issued  in  respect  to  the 
investigations,  tests,  and  field  w  ork  conducted  at  branch  testing  sta- 
tioan  and  laboratories. 

The  name^s  of  the  experts  and  assistants  employed  in  connection 
with  the  several  divisions  of  the  testing  work  are  given  in  the  intro.- 
^tioDs  to  the  accompanying  reports  covering  these  tests.  Those 
in  charge  or  having  special  appointments  have  remained  practically 
is  reported  in  Bulletin  No,  290,  with  the  exception  of  John  D.  Wick, 
wh}  was  succeeded  in  charge  of  washing  tests  by  G.  R.  Delamater, 
aiiiJ  John  A.  Laird,  who  was  succeeded  in  charge  of  operating  gas 
pmduc^rs  by  J.  P.  Quam,  who  remained  also  in  charge  of  the  gas 
engine. 

Tlie  tests  reported  herein  \vere  made  on  samples  of  fuel  from  the 
loUikttnng  States  and  Territories,  the  number  of  samples  from  each 
being  also  shown; 

Alabama 5  1  Ohio 3 

Ari^ntina 1      Pennsylvania 12 

Arkansas 7      Rhode  Island .• 1 

Florida , 1      Tennessee 15 

Georgia 1      Texas 2 
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28      Utah 2 

Indiana 13      Virginia... 3 

Indian  Territory 4  I   Washington 3 

Kansas 2      West  Virginia 8 

Kentucky 4  I   Wyoming 3 

Maryland 1   '  Miscellaneous 7 

Montana 2  ^"^^ 

New  Mexico <>  . 


Each  fuel  tested  went  through  one  or  more  of  the  following  opera- 
tions: Samples  of  the  fuel  were  taken  by  inspectors  sent  to  the  vari- 
ous mines  by  the  Survey  for  this  purpose,  and  were  forwarded  for 
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chemical  analyses.  Samples  were  also  taken  from  the  cars,  from 
fuel  as  fired  to  the  boilers,  as  fed  to  the  producers,  before  briquett 
before  and  after  washing,  and  before  coking.  All  these  sam 
were  forwarded  to  the  chemical  laboratory,  where  proximate  a 
yses,  and  for  many  samples  ultimate  analyses,  were  made.  Sam 
of  briquetted  coal  and  of  coke,  as  well  as  the  gases  produced  f 
the  fuels,  were  also  analyzed.  All  these  analyses  are  reported  he 
and  were  made  by  the  methods  described  in  Bulletin  No.  323,  enti 
'*  Experimental  work  conducted  in  the  chemical  laboratory  of 
United  States  fuel-testing  plant  at  St.  Louis,  Mo." 

Steaming  tests  were  made  to  determine  the  calorific  value  of 
fuel  and  the  relative  amount  of  energy  obtainable  from  it  when  \ 
under  a  boiler  in  connection  with  a  steam  engine,  as  compared  to 
energy  obtainable  from  the  fuel  when  used  in  a  gas  producer 
gas  engine ;  also  to  determine  methods  of  burning  fuel  smokele 
and  in  such  a  manner  as  to  secure  the  highest  efficiency  in  the  c 
bustion  chamber.  These  tests  are  summarized  in  greater  detai 
Bulletin  No.  325,  entitled  ''A  study  of  four  himdred  steaming  tes 
Producer-gas  tests  were  made  to  determine  the  absolute  eflficic 
of  each  fuel,  as  well  as  the  relative  efficiency  when  used  under  st 
boilers,  as  stated  above. 

Washing  tests  were  made  to  determine  the  possibility  of  imp 
ing  the  quality  of  the  coal  and  the  availability  of  such  washed  c 
for  the  production  of  coke,  since  the  coal  used  in  coke  must  b 
free  as  possible  from  ash,  sulphur,  and  other  impurities,  becaus 
its  prospective  use  in  metallurgic  processes.  Coking  tests  were  n 
to  (letennine  the  possibility  of  utihzing  the  various  coals  in  this 
or  of  improving  coking  practice.  Cupola  tests  of  cokes  were  mad 
determine  the  possibility  of  using  these  different  cokes  in  ac 
foundry  })ractice  and  of  thereby  possibly  improving  foundry  prac* 
Briquetting  tests  were  made  to  determine  the  extent  to  which  s 
and  waste  coal  can  be  economically  made  into  briquets,  and  stean 
tests  on  briquets  were  made  to  determine  the  relative  and  abso 
efficiency  obtained  when  burned  under  the  steam  boiler,  as  c 
pared  with  that  obtained  with  other  forms  of  fuel. 

The  results  of  these  investigations,  wherein  each  fuel  has  I 
tested  comparatively  in  a  number  of  w^ays,  are  shown  in  the  ace 
panying  report.  The  producer-gas  investigations  have  contii 
to  show  the  availability  of  bituminous  coals,  lignites,  and  peat 
in  volatile  matter,  for  the  production  of  power.  Improvement 
the  method  of  handling  of  the  gas-producer  equipment  of  the  p 
have  yielded  gratif3-ing  results,  confirming  and  augmenting  thos 
the  preceding  year,  and  have  demonstrated  the  efficiency  of 
commercial  producer  in  developing  a  good  grade  of  producer 
through  proper  manipulation  of  scrubbing  and  purifying  appUai 
and  tar  extractors.     These  investigations  have  also  indicated 
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lin^s  along  whicti  improvements  in  f^iis-pruduri*r  eorustmction  might 
t»ai$onahly  be  expect<>d,  in  order  that  the  producpr  may  utilize 
ldTiintii^e<nisly  all  varieties  uf  bitiiniinoiLs  txm\,  and  especially  low- 
^dt?  fuels  now  beinj:  wasted. 

Th**  hri<|uettinf;  plant  has  developed  new  possibihties  in  the  iitiU- 
E&tioD  of  slack  coal  and  of  anthracite  culnij  when  properly  briquettedj 
ij^an  efficient  fuel  for  combustion  on  locomotiveSj  both  in  the  express 
service,  w^here  a  smokeless  fuel  is  required  on  entering  large  cities, 
Mid  in  hea\nr  freight  service,  where  hi^b  efficiency  in  hauling  over 
steep  grades  is  required  for  a  limited  period.  The  experiments 
JiMide  in  burning  briquet  ted  coal  on  the  Pennsylvania  Railroad  and 
i  the  Missouri  Pacific  Railway  are  being  eon  tinned  on  other  lines,  and 
huve  developed  results  highly  gratifying  to  the  transpi^rtation  inter- 
l  eats  of  the  count^^^  These  experiments  are  being  extended  vnt\i  a 
riew  to  detettnining  the  value  of  briquet  ted  coal  for  combustion  on 
the  naval  vessels  of  the  United  States,  the  twofold  object  l)eing  to 
Sficure  a  smokeless  Juel  and  a  fuel  of  higher  efTiciency,  especially  for 
use  on  t*irpedo  boats  and  other  naval  vessels.  The  annexed  report  on 
till!  operations  of  the  hriq netting  section  is  segregated  into  two  parts. 
Under  "Briquetting  tests"  are  reported  those  operations  which  had 
to  do  with  the  mechanical,  physical,  and  chemical  manufacture  and 
testing  of  briquets.  The  combustion  tests  under  steam  boilers  were 
comlucted,  as  a  matter  of  expediency,  under  tlie  direction  of  the  chief 
at  the  briquetting  section,  but  are  reported  under  "Steaming  tests," 
though  the  steam-boiler  section  is  in  no  way  responsible  for  the  results 
of  ihesc*  tests.  It  is  contemplated  that  in  the  future  such  combus- 
tion teMs  of  briquets,  including  the  locomotive  tests,  shall  be  made 
under  the  direction  of  the  st4*am-boiler  section. 

THE  OUTLOOK  FOR   FUTURE  WORK* 

The  fuel  problems  needing  investigation  in  the  immediate  future 
include  practically  all  those  outlined  in  Bulletin  No.  290  (p.  10),  but 
it  will  be  possible  to  imdertake  only  a  small  portion  of  these  during  the 
forthcoming  year.  The  more  important  of  these  problems  are  (1)  the 
lessening  of  the  waste  in  mining  and  (2)  greater  efficiency  in  the 
utilization  of  the  coal  that  is  mined.  From  the  data  now  in  hand 
it  is  estimated  that  this  waste  in  mining  now  exceeds  400,000,000 
tons  of  coal  yearly. 

The  washing  and  coking  appliances  which  have  been  removed  from 
St.  Louis  to  Denver  will  be  occupied  throughout  the  year  on  tests 
'I  to  determine  coking  values  and  the  methods  of  coking  the  coals  found 
I  on  or  adjacent  to  the  public  lands  of  the  West — chiefly  coals  that 
f  belong  to  the  United  States  or  are  indicative  of  the  possible  behavior 
I  of  such  coals.  Washmg  tests  will  be  made  with  a  view  to  determining 
bow  these  fuels  may  be  improved  for  coking  or  for  combustion. 
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The  principal  chemical  laboratory  of  the  fuel-testing  plant  has  been 
removed  to  Pittsburg,  and  to  it  will  be  sent  all  fuel  samples  for 
analysis,  including  briquets,  coke,  etc.     At  this  laboratory  will  be 
conducted  an  exhaustive  series  of  investigations  into  the  most  efficient 
methods  of  using,  for  coke  and  other  purposes,  the  coals  and  Ugnites 
belonging  to  the  Government  of  the  United  States,  and  the  by-prod- 
ucts of  coke,  with  a  view  to  determining  methods  for  their  utilization. 
A  branch  chemical  and  physical  laboratory  will  be  maintained  at  the 
Norfolk  fuel-testing  plant  for  the  purpose  of  experimenting  on  the 
gases  in  different  portions  of  the  combustion  chambers  of  steam 
boilers  and  of  gas  producers,  analyses  to  be  made  of  the  gasea  at  high 
temperatures,  and  the  highest  tempera tiu'es  to  be  measured.     It  ia 
expected  that  the  results  of  these  investigations  may  have  an  impor- 
tant bearing  on  the  methods  of  construction  of  combustion  chambers 
and  the  relation  of  the  heat-transmitting  surfaces  to  the  fuel  bed. 
Routine  chemical  work  will  be  conducted  as  heretofore  at  the  fuel- 
testing  plants  for  analyses  of  samples,   including  gas  and   other 
products  of  combustion.     A  special  investigation  will  be  xmdertaken 
to  ascertain  the  nature  of  cokes  made  from  different  coals,  with  a  view 
to  determining  why  good  coke  can  be  made  from  one  coal  and  not 
from  another.     Field  investigations  will  be  made  with  a  view  to 
studying  the  coals  where  found,  and  later  these  investigations  will  b^ 
continued  in  the  laboratories  at  Washington. 

The  smoke-abatement  investigations  at  public  buildings  will  be 
supplemented  by  more  detailed  experiments  along  the  same  linens  at 
the  Norfolk  plant,  where  different  methods  of  handling  the  two 
Heine  boilers  and  the  new  250-horsepower  Babcock  &  Wilcox  water- 
tube  boiler  will  be  attempted.  One  of  these  boilers  will  be  hand  fu^d, 
one  fired  with  mechanical  overfeed,  and  one  with  a  mechanical  under- 
feed stoker.  All  three  are  equipped  for  natural  draft,  for  forced 
draft,  and  for  induced  draft,  and  it  is  believed  that  it  will  be  possible 
to  show  just  how  each  type  of  fuel  should  be  burned  in  order  to  secure 
the  highest  efficiency,  which  means  the  complete  combustion  of  all  of 
the  carbon  and  the  abatement  of  smoke.  This  investigation  is  con- 
ducted with  special  reference  to  the  needs  of  power  and  heating  plants 
in  the  Government  buildings  in  the  different  cities  of  the  country. 

The  gas  producer  will  be  run  on  prolonged  tests  with  a  view  to 
determining  along  commercial  lines  the  fuel  values  through  the  gas 
engine  of  the  various  fuels  tested ;  also  with  a  view  to  determining  tlie 
possil)ility  of  utilizing  the  different  classes  of  fuel  through  the  gas 
producer  for  naval  puri>oses. 

The  investigation  of  coal  waste  at  the  mines  is  being  extended  with 
a  view  to  determining  how  far  such  waste  is  due  to  improper  methods 
of  mining,  especially  to  the  improper  use  of  explosives  or  to  the  use  of 
imj)r()}>er  explosives.     Investigations  are  also  being  made  to  discover 
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the  extent  to  which  less  vr&^lehil  methods  of  mining,  majr  be  intro- 
duced without  excessive  cost  ti*  the  operators.     (See  p.  9.) 

Uoiler  the  wortling  of  the  act  of  Congress  providing  for  the  con- 
tinuation of  the.  work  to  June  30,  1908,  the  technologic  branch  is 
^    engaged  in  revising  the  purchases  of  coals  for  the  Government,  with  a 
i  view  to  adopting  better  methods  of  making  such  piurchases,  especially 
in  regard  t^  specifications  which  shall  consider  the  ash  contained  and 
the  heating  units  in  the  coah     This  branch  is  also  engaged  in  investi- 
^ling  and  reiK>rting  on  explosives  and  other  materials  used  by  the 
Beclamation  Service  and  in  the  Panama  Canal.     To  it  has  recently 
fli  been  transferred  the  mbie  insi>ection  in  the  Territories,  and  this  part 
;^J  of  the  work  of  Federal  mine  inspection  will  receive  particulatr  atten- 
tkm  during  the  coming  year. 

ABBREVIATIONS. 

The  following  abbreviations  are  used  in  the  report: 

B»  L  II.  =  Briiif^h  t.h(*nuiil  units. 

cr.  ^crushed. 

e.  t.  p,  i=Pfml-tar  pitch. 

e.  h.  p.  —  ele<!Lricjil  horacpower. 
Eng,  —English  (briquetiing  machine). 

f.  c*  =  finely  crush  wL 
Lftb*  No«=cbemical  1a)K>rBti)ry  number. 
!.  ^liimp, 

Renr.  ^Renfrow  (briq netting  machine), 

r.  o.  m.  =nin  of  mine. 

J.  p*  m.  —revolt!  I  ions  per  minute. 

S^  —duck. 

W.  g.  p^    =watt'r-gaii  pi(fh, 

*  =briqueta  used  h\  locomotive  test  (see  p.  42). 

t  =  briquets  used  in  house- boiler  test  (^see  p.  42). 


FIELD  WORK. 


By  Edward  W.  Parker  and  J.  Shober  Burrows 


INTRODUCTION. 

The  conditions  for  submitting  coal  to  be  tested  and  the  methods  c 
inspecting  the^mine  and  obtaining  mine  supplies  were  the  same  in 
the  period  covered  by  this  report  as  during  the  year  1905." 

PERSONNEL. 

John  W.  Groves  and  William  J.  Von  Borries  inspected  and  shippe- 
most  of  the  samples  until  March,  1906,  when  Mr.  Von  Borries  resignec 
From  March  until  July  all  the  samples  were  shipped  by  Messrs 
Burrows  and  Groves,  with  the  exception  of  three  from  the  State  c 
Washington,  which  were  secured  by  M.  R.  Campbell,  of  the  geologi 
branch.  At  the  beginning  of  the  fiscal  year,  July  1,  1906,  Mr.  Parke 
was  relieved  of  his  duties  in  connection  with  this  work  and  Mi 
Burrows,  who  had  directed  the  field  work  under  Mr.  Parker's  supeK 
vision,  was  placed  in  full  charge  of  the  corps  of  inspectors.  Durin 
the  summer  and  autumn  F.  B.  Tough  and  A.  K.  Adams  were  em 
ployed  for  a  few  months,  and  K.  M.  Way  and  R.  T.  Carroll  joined  th. 
corps  of  inspectors  during  this  period.  N.  H.  Darton,  of  the  geologi 
branch,  cooperated  with  the  technologic  branch  in  procuring  sample 
from  Montana. 

DESIGNATION  OF  SAMPLES. 

Wlien  the  sample  or  car  of  coal  is  shipped  it  is  marked  with  th^ 
name  of  the  wState  in  which  the  mine  is  situated  and  numbered  con- 
secutively in  the  order  of  shipment,  the  numbers  for  1906  beginning' 
where  those  for  1905  left  off.  When  two  or  three  cars  or  lots  con- 
stituting different  grades  of  coal,  such  as  lump,  nut,  etc.,  are  shipped 
from  a  mine,  each  lot  is  designated  by  a  letter.  For  example,  Illinois 
No.  23  A,  the  first  shipment,  is  lump  coal, •and  Illmois  No.  23  B  is 
slack  coal  taken  from  the  same  mine. 


a  Sec  Bull.  U.  S.  Geol.  Survey  No.  290, 1906,  p.  10. 
12 
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SAMPLES  RECEIVED  AND  TESTED. 

During  the  period  covered  by  this  report  137  samples  from  24  States 
and  Territories  and  1  sample  from  Argentina  were  received  and 
tested. 

The  following  is  a  complete  list  of  the  carload  samples  received,  with 
the  details  of  the  location  of  the  bed,  character  of  the  samples, 
inspector,  and  page  references  for  all  the  tests  made  on  these  fuels 
during  the  period  here  included : 


14 
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WORK  OF  THE  CHEMICAL  LABORATORY. 


By  N.  W.  Lord. 


INTRODUCTION. 

The  principal  work  of  the  chemical  laboratory  for  the  period 
covered  by  tliis  report  consisted  in  making  routine  analyses  and 
calorimetric  determinations  of  the  various  coals  tested  at  the  fuel- 
testing  plant.  In  addition  to  the  regular  work  on  coals,  over  100 
samples  of  pig  iron  from  the  cupola  tests  on  cokes  were  analyzed  for 
silicon,  sulphur,  and  manganese.  Complete  analyses  were  made  of 
several  slags,  also  from  the  cupola  tests.  A  large  number  of  mine 
samples,  sent  into  the  laboratory  by  inspectors  in  different  parts  of 
the  country,  were  analyzed. 

A  few  special  lines  of  research,  involving  a  certain  amount  of 
additional  analytical  work,  were  also  carried  on  at  the  plant,  to  study 
the  characteristics  of  coals  and  to  devise  improvements  in  the  methods 
of  analysis  employed.  A  report  of  this  work  is  published  in  a  bul- 
letin of  the  Survey." 

EQUIPMENT. 

The  routine  and  special  work  has  been  carried  on  in  the  laboratory 
that  was  fitted  up  in  the  foundry  building  of  the  plant,  as  described 
in  the  report  of  the  1905  work.^  The  following  additional  equipment 
has  been  installed:  A  themioelectric  pyrometer,  a  number  of  extra 
platinum  crucibles,  and  an  arithmometer  to  facilitate  the  reduction 
and  the  tabulation  of  the  results.  The  addition  of  a  number  of  new 
filing  cases  and  other  new  office  furniture  greatly  facilitated  the  proper 
keeping  of  laboratory  records. 

CHANGES  IN  ANALYTICAL  METHODS. 

There  has  been  only  one  change  of  moment  in  the  methods  used  in 
the  laboratory;  this  was  in  the  method  of  determination  of  the 
'^volatile  matter"  in  lignites.  The  old  method  of  analysis  was  the 
same  as  that  used  in  the  analysis  of  coals,  and  was  found  to  give, 

oLord,  N.  W..  Ex|MTinionlaI  work  coiiductcHl  in  ihc  chemical  Ittboratoryof  the  I'liitcd  States  fuel- 
testing  plant  at  St.  Louis,  .JanMar\-   1,  19()o,  to  July  31,  1906:  Bull.  U.  S.  Geol.  Survey  No.  323,  H107. 
6 See  Hull.  U.  S.  (leol.  Survey  No.  290,  p.  29,  1906. 
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an  ajipliecl  to  Ij^'nitf^,  results  wliich  were  too  high,  owing  to  the 
?essivp  mnisturt^  pre* sent.  It  wtiH  inotlifitnl  liv  intnxluciii^  a  short 
iliniinan'  heathi^  at  a  low  temperature  lie  fore  ajiplying  tlie  full 
ii  of  tile  burner.  This  proceiliire  was  foimtl  to  make  practically 
differeDce  in  the  resuUs  obtainetl  wit!i  liitutninous  coals^  while  it 
ire  much  more  concordant  and  satisfactory  results  when  applied  to 
nites.  The  experiments  on  this  subject  and  the  comparison  of 
rults  by  both  methods  are  treated  in  detail  in  Bulletin  No.  323. 

PERSONNEL. 

Prof.  E.  E.  Somermeier  was  associate  chemist  durinjr  the  period: 
M.  Stanton,  head  chemist;  G.  A.  Burrell,  first  assistant ,  and  Karl 
.  Way,  E.  C.  Waters,  and  J.  W.  Peters,  assistants.  In  April  Mr. 
aiers  resigned  and  was  succeeded  by  J.  A.  McCalip,  who  resided 
I  September,  being  succeeded  by  D.  I.  Brown.  Mr.  Way  was  trans- 
fred  to  the  field  section  in  August  and  was  succeeded  by  G.  O. 
pitler.  R.  C.  Willis  was  added  to  the  force  in  December  and  J,  H, 
irdsong  in  January,  1907. 

WORK  OF  THE  LABORATORY. 

During  the  period  covered  by  this  report,  2,100  samples  of  coal 
ave  been  received  in  the  laboratory,  representing  21  States,  2  Terri- 
mes,  and  2  foreign  fields. 

The  proximate  analysis  and  the  determination  of  sulphur  was  made 
n  practically  all  the^se  samples,  and  on  a  large  number  of  them  the 
Itimate  analysis  and  the  determination  of  calorific  value  were  also 
lade.  These  determinations,  witli  such  other  analyses  as  were  made 
f  special  materials  employed  in  the  teats,  involved  more  than  12,000 
eparate  determinations. 

The  reducti(m  of  the  results  from  the  air-dried  samples  to  the  basis 
f  condition  as  received,  the  calculation  of  the  ultimate  analyses  and 
f  the  calorific  values  of  the  samples  used  in  the  steaming  tests  and 
he  gas-producer  tests,  and  the  figuring  of  these  results  to  the  dry-coal 
asis  were  also  performed  by  the  laboratory  force,  involving  practi- 
ally  the  entire  time  of  one  man  as  a  computer. 

The  analytical  results  are  presented  in  the  detailed  report  of  tests 
n  each  sample.      (See  table,  j)p.  14-19.) 

The  analyses  of  mine  and  car  samples  given  in  this  report  are 
^red  to  the  sample  as  received.  In  reporting  the  analyses  of  the 
>als  used  in  steaming  tests  and  all  briquets,  the  proximate  analysis 
figured  to  the  basis  of  coal  '  as  received,"  but  the  ultimate  analysis 
figured  on  the  dr\^-coal  basis. 


STEAMING  TESTS. 


Bj  L.  P.  BKBCKBSnODOS. 


EQUIPMENT. 


The  equipment  of  the  steam-bcHler  section  consisted  of  two  Heine 
water-tube  boilers,'  simihir  in  construction  and  setting.  The  prin- 
cipal proportions  of  the  boiler  settings  are  as  follows: 

Leading  propartumM  of  the  baiUrs  inatailed  ai  the  fuel-UMing  piani. 


Boiler   i   Boiler 
No.1.    !   Not 


SO 

2,on 


IUt«d  capAcity  of  boiler bonepowvr..  210 

WAter-hefttinir  ■urlace equAie  feet. .  2,081 

BuperheatiDg  suifece •  None.         None. 

Gntearea aquarefeet..;  40.55  .         »J 

Air  RMce  through  grate per  oent. . '  45             ** 

Arailal^  stack  draft indi  of  water...  .75 

Height  of  »t€«l  iitaclw leet..;  115 

Areaof  ateel  stacks square  feet..!  7.67 

Number  of  3^ii]ch  tubes  on  each  boiler :  116 

Usual  steam  pressure  carried pounda..!'  80 


Each  boiler  is  provided  with  its  own  stack  and  fed  by  its  own 
injector. 

Boiler  No.  1  was  equipped  with  a  plain  grate  and  boiler  No.  2 
with  the  McClave  rocking  grate,  but  all  the  tests  during  the  latter 
half  of  the  period  (tests  402-519)  were  conducted  with  a  plain 
grate.  Unless  otherwise  stated  in  the  detailed  report  of  steaming  tests 
the  plain  grate  was  used.  The  furnace  was  of  the  Heine  standard 
tile-roof  type ;  no  change  was  at  any  time  made  in  the  .design. 

PERSONNEL. 

The  following  men  were  members  of  the  steam-boiler  section 
(luring  the  period  covered  by  this  report:  Walter  T.  Ray,  Henry 
Kreisinger,  Harry  W.  Weeks,  Charles  H.  Green,  Robert  H.  Kuss, 
William  M.  Park,  Fred  Pahmeyer,  Lloyd  R.  Stowe,  R.  H.  Post, 
Ralph  Gait,  George  S.  Pope,  G.  E.  Ryder,  Fred  W.  Bird,  Perry 
Barker,  Lyman  S.  Weeks,  Carl  J.  Fletcher,  Clarence  E.  Woodman, 
and  Charles  E.  Augustine.  During  the  period  Messrs.  Green,  Kuss, 
Park,  Pahmeyer,  Post,  and  L.  S.  Weeks  resigned,  and  Messrs. 
Gait,  Pope,  and  Ryder  were  assigned  to  other  sections  of  the  fuel 
investigations. 

o  Hw  Prof.  Paper  U.  S.  Geological  Survey  No.  48,  p.  301,  and  BuBs.  U.  S.  QeoL  Survey  Noa.  261,  p.  74: 
aOO.  p.  .13;  and  325,  p.  173- 
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*  Li  the  scope  of  this  report  art*  included  the  results  of  214  sleaoiiiig 
'  tests  on  106  ctials  from  23  domestic  States  and  Territories  and  from 
ir^tina,  as  follows: 


SUaming  iutti  frMdi,  %  iSiaict* 


CcmL 

her  of 
tesu. 

COMI. 

Horn- 
iMffol 

Coal, 

Num- 

fberof 

Umtm. 

iroiB,.. 

N0.I&-... 

IndtftD  Territory; 

No.  2B... 

i 

No.  I. _„„„„.„„ 

Il4w4 

M^I::;:: ::::::;::: 

No.  ac '„.„..* 

Mo.  4.. „..<... -^*._. 
Nti.5,„„* !„,. 

EflLfl ....„.- 

(mUttlK* 

No.  TA.. 

No. «,,. 

No.  S 

No.  B...-^*, ,..,-,* 

No.  7  A. 

No.  7  B. 

1 

Mos... .., 

Na  10. . , 

Rortdft  No.  L 

N0.3B „„...„ 

No.  6 ...* 

NOA.  S  A  uid  §  B 

(mli^>..,.,, 

No.OA 

fwi^iftNo,  1. 

Kwitucfcy: 

No.» 

Nob.  B  B  tlHi  0  C 
<iidxftl) - 

KowTE., ..*.,. ...... 

No.  fiB ...,.„ 

Ni™™.v;.    : 

S'a,  ftC 

M*ry land  No.  S.. -....-. 

MtswurJ: 

No.fi. .,, 

No.  6.....„„ 

TmcSiN^V 

H0.12B ...-.,,^ 

lfii.ltfC_. ..^ 

No.    1   wdh   RhotIP 
lalandNo.  1....... 

No,   3  with    HhodB 
IsJiLDdNo.  I 

No,  a_. , 

Ho.l»B_  .;.™j 

No.TA, ,.„ 

Srin         

No.  7B-_. .-__., 

Bfa.  a... *...**. ,..-- 

No,  ia._ _.. 

»ftSxi;::;;;;:;;p 

No.  2_.,,. ..„.„„. 

^"^°J'iA 

No,  5B. , 

S<ii,  39  A. „-*,.....: J 

K0.MB..... .- 

Na3 „. 

KoL  as  AMidSfiB 

Ki'^V;;.::;::::: 

MlW  MtiKlCOT 

Na.3A...  — ....„,. 

No.3B., ..„.. 

No.fi 

Wftahington: 

No.  1  n... 

feS-*:v;;;::::::: 

No.3C., 

No.  4  A..... . 

No,  2 

Wfflrt  VlrelnU: 

No,  Irt  A 

Ho.mii. _.„_„_ 

No.  4  B 

H*,  ac... 

No,S .,, 

No.  22  A...          ,.   ., 

No  3E>A.-.. .,..,.,- 

Olilo: 

No.  10... 

Ho.SQB..... 

N0.  »B.- 

No.  23.\ 

NftW,.. , 

No.  n 

No.  23  B 

No.  11 

No,  12 

1  Wyoming: 

No.  €C///.""Z]iy.'. 

No.B_ .„..,,, 

Ko.d«B 

Pcmiaylvantc 

No.  7 

No_l3_. 

No.  15_- 

No.  liS 

MlaeeJljitwoiu: 

Mixpdeoke....,..,.. 

>     - 

Na  13..,.. ,.„. 

No.  17 

ComnivlUo,, 

No.  14. .,.. . 

No.  is 

Wwhery  wtntm. 

! 

Nn.  LI  ..           ..,-- 

No.  10 

Nft.  IR .,„. 

N(*.  17....... _ 

No.  ao 

No.  22 

314 

No,  ISB *,,.... 

BUodeliUmdHo,  I...... 

The  detailed  results  of  the  steaming  tests  may  be  found  by  referring 
to  the  index  table  on  pages  14-19.  The  results  of  eleven  additional 
tests,  run  for  special  purposes  during  the  period,  are  not  included  in 
this  report,  but  will  appear  later,  with  discussions,  and  those  of  seven 
tests  made  during  the  period  on  coals  received  in  1905  are  also 
reserved  for  future  publication. 

Many  interesting  conclusions  are  obtainable  from  the  *' boiler 
tests"  so  far  made,  but  a  discussion  of  them  will  require  so  much 
space  that  it  has  been  decided  to  present  all  such  conclusions,  together 
writh  a  large  amount  of  experimental  work,  in  a  separate  publication 
entitled  ''A  Study  of  Four  Hundred  Steaming  Tests."  « 


a  Biill.  U.  8.  (led.  Survey  No.  325,  1907. 
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GENERAL   RESULTS. 

It  is  the  purpose  of  the  boiler  section  to  make  a  careful  details 
study  of  the  process  of  combustion  and  heat  absorption  so  as  t 
determine  what  happens  everywhere  in  the  furnace  with  each  ind 
vidual  coal,  and  thus  to  find  the  road  which  may  lead  to  new  methoi 
of  testing  the  burning  qualities  of  coals,  independently  of  the  coi 
sideration  of  utilizing  the  heat  and  temperature  thus  produced, 
large  amount  of  such  work  has  already  been  done  and  is  discussed 
the  above-mentioned  ''Study;''  for  instance,  the  simultaneous  takii 
of  temperatures  and  samples  for  gas  analysis  at  several  points  aloi 
the  path  of  combustion,  from  the  surface  of  the  grate  bars  to  the  ea 
of  the  boiler.  Such  data  are  now  at  hand  for  many  coals,  but  as  tl 
field  of  work  is  new  it  will  be  necessary  to  procure  an  enonno 
amount  of  information  before  any  safe  conclusions  can  be  draw 
It  is  hoped  that  in  the  near  future  a  very  long  combustion  chamb 
will  be  built  for  special  work  of  this  kind. 

One  remarkable  result  of  these  investigations,  discussed  in  t! 
*' Study,''  is  an  experimental  proof,  reached  from  several  direction 
of  the  correctness  of  a  surmise  sometimes  made  by  engineers,  th 
the  efficiency  of  any  individual  boiler  as  a  heat  absorber  does  n 
change  with  the  amount  of  fuel  burned,  but  remains  fairly  constat 
The  trouble  seems  to  be  that  ordinarily  not  as  much  heat  as  h 
heretofore  been  supposed  comes  into  contact  with  the  boiler  becau 
of  incomplete  combustion.  This  theory  has  lately  been  strengt 
ened  by  routine  analyses  wliich  have  been  run  for  hydrocarbons  ai 
free  liydroj^en  in  the  flue  gases,  and  which  show  some  traces  of  lar 
amounts  of  these  combustible  gases.  The  only  mathematical  dedu 
lion  of  this  theory  known  to  the  writer  is  that  made  by  John  Per 
in  his  book,  'The  Steam  Engine  and  Gas  and  Oil  Engines,"  pa; 
591,  in  wliich  he  arrives  at  the  follo^^ang  formula  from  the  kinet 
theory  of  j^ases  and  the  laws  of  heat  conductivity: 

where  E  — efficiency  of  boiler  as  a  heat  absorber. 

^  — base  of  natural  system  of  logarithms,  2.718. 

r-a  constant  for  any  individual  boiler,  dependent  on  tl 

general  layout  of  the  gas  passages. 
Z  — length  of  fire  tube  in  any  units. 
D:=  internal  diameter  of  fire  tube  in  the  same  units. 
Of  course  the  above  equation  is  deduced  only  for  the  case  of  oi 
fire  tube,  clean  inside  and  out,  where  there  is  no  heat  absorption  due 
radiation,  but  it  ought  to  apply  to  any  boiler,  and  the  indications  a 
that  it  does  so  apply,  with  suitable  modifications  of  the  constants,  ai 
that  tliis  true  boiler  efficiency  is  surprisingly  constant  in  actual  pra 
tice.     It  must  be  remembered,  however,  that  these  results  are  obtain* 
from  one  plant  necessarily  limited  in  its  scope  of  investigation. 
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PRODUCER-GAS  TESTS. 


By  HoBFRT  H.  FERNAi-n, 


EQUIPMENT. 

During  the  periml  coyered  by  this  report  the  only  chang:©  in  the 
equipment  of  the  producer-gas  testing  plant  ^— aside  from  minor 
changes  in  details  leading  either  to  higher  efficiency  or  to  greater 
•ise  in  manipulation^ has  been  the  introduction  of  a  crude  but 
I  rfective  piece  of  apparatus  for  extracting  the  moisture  from  the  tar, 
i  The  apparatus  operates  by  heating  the  tar  moderately  and  stirring 
it  very  slowly,  and  consists  of  a  corrugated-iron  tank  i^ith  a  steam 
mi  in  the  bottom  and  a  2-inch  outlet  for  the  tar  about  6  inches  from 
the  bottom.  The  tank  holds  about  8  barrels  of  tar,  and  is  provided 
mih  a  stimng  device  driven  by  an  electric  motor  at  the  rate  of  not 
more  than  five  turns  per  minute.  B^^  means  of  this  apparatus  the 
moisture  in  the  tar  is  reduced  to  about  10  per  cent,  but  samples 
diDwing  aM  low  as  3  per  cent  have  been  procm^d,  the  amount  of 
moisture  left  in  the  tar  depending  largely  on  the  duration  of  the 
tmatment, 

PERSONNEU 

Capt»  John  A.  Laird,  a  consulting  engineer  of  St.  Loui>s,  who 
hecame  connected  with  the  plant  in  September,  1904,  continued  the 
mpenrisjon  of  the  operating  details  of  the  tests  until  the  first  of 
November,  1906,  He  was  assisted  by  J,  P,  Quam  and  Kurt  Toens- 
feldt. 

During  the  period  from  November  1  to  December  15,  1906,  C.  O. 
Nordensson,  who  had  formerly  been  connected  with  the  plant, 
assumed  the  supervision,  at  the  end  of  which  period  Mr.  Quam  gave 
up  his  connection  with  the  Westinghouse  Machine  Company  in  order 
to  devote  his  entire  attention  to  this  position.  Mr.  Nordensson  and 
Mr.  Quam  were  assisted  by  C.  D.  Smith  and  John  Laichinger. 

Until  the  latter  part  of  June,  1906,  Mr.  Quam  continued  the  direc- 
tion of  the  operation  of  the  gas  engine.  At  that  time  he  was  called 
away  from  the  testing  plant  by  the  Westinghouse  Company,  his  place 
being  taken  by  Clyde  A.  Gilmore.  Messrs.  Quam  and  Gilmore  had 
as  assistant  engine  operators  R.  E.  Peshak  until  May  31,  1906; 
F.  V.  Roy  until  July  31,  1906;  Curt  Adler  throughout  the  entire 
period;  W.  B.  Lemmon  after  June  1,  1906;  John  Laichinger  after 
July  18,  1906;  and  John  Suter  after  November  1,  1906. 

«8ee  Bull.  U.  S.  Geol.  Survey  No.  290. 
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W.  C.  Weidmann,  who  had  been  connected  with  the  plant  sin 
September,  1904,  continued  in  charge  of  the  computations  un 
April  5,  1907,  and  had  as  his  assistant  during  the  period  covered  1 
this  report  C.  L.  Armstrong.  Upon  the  resignation  of  Mr.  Weidman 
Lauson  Stone  was  made  head  computer  and  Spencer  Howell  becan 
his  assistant. 

The  chemical  work  of  the  producer-gas  tests  has  been  under  tl 
supervision  of  H.  A.  Grine.  He  has  had  the  following  assistant 
J.  G.  Goodwin  until  November  30,  1906;  W.  L.  Hempelmann,  July 
1905,  to  October  31,  1906;  D.  A.  Barclay  since  November  1,  190 
J.  K.  Black  since  November  21,  1906;  and  H.  M.  Cooper  sin« 
February  10,  1907. 

January  1,  1907,  a  series  of  special  investigations  on  small  gs 
engines  was  begun.  The  details  of  these  tests  were  placed  in  tl 
hands  of  R.  M.  Strong. 

The  observations  connected  with  the  various  tests  have  bee 
made  by  L.  A.  Delano  until  November  30,  1906;  S.  P.  Howell  unt 
transferred  to  the  computing  room;  JuUan  Teza  until  March  1,  190 
W.  J.  Harris,  jr.,  since  February  19,  1906;  E.  C.  Herrling  sin< 
February  1,  1906;  W.  B.  Lemmon,  May  1,  1905,  to  May  31,  190< 
H.  C.  Austin  from  July  20,  1906,  to  April  5,  1907;  A.  B.  Bridgema 
during  June,  1906;  J.  C.  Bamaby  since  January  1,  1907;  L.  i 
Hopkins  since  January  1,  1907;  B.  W.  Loye  from  January  1,  190 
to  April  30,  1907;  P.  G.  Weidner  from  January  1,  1907,  to  March  3 
1907;  and  D.  F.  Smith  since  November  15,  1906. 

REGULAR    AND    SPECIAL    TEST    CONDITIONS. 

The  operating  conditions  have  been  maintained  practically  tl 
same  as  during  1905.  The  regular  schedule  consists  of  two  sixt; 
hour  test  runs  per  week.  Tlie  first  eight  to  twelve  hours  of  eac 
run  are  used  for  getting  the  fuel  bed  into  uniform  and  efiicient  coi 
dition.  Although  records  are  taken  during  this  preliminary  perioc 
the  official  test,  as  reported,  includes  only  the  last  forty-eight  t 
fifty  hours  of  the  run,  during  which  time  the  conditions  are  mair 
tained  as  uniform  as  possible. 

One  test,  however,  designated  as  ^Troducer-gas  test  105,^^  wa 
carried  far  beyond  the  sixty-hour  period,  in  order  to  estabUs 
beycmd  doubt  the  reliability  of  the  gas  producer  and  the  gas  engini 
The  report  of  this  test  (see  p.  90),  which  was  continued  for  562  cor 
secutive  hours,  w411  therefore  be  of  special  interest. 

Tests  on  Massachusetts  peat  heretofore  reported  **  were  not  entirel 
successful,  because  the  amount  furnished  was  sufficient  only  for 
nine-hour  test.  It  was  demonstrated,  however,  beyond  doubt,  thi 
the    fuel    would    generate    an    excellent   gas    for    power    purpose 

o  See  Bull.  U.  S.  Geol.  Survey  No.  290. 
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Subsequent  to  i\m  test  a  liberal  supply  of  peat  froni  Florida  was 
procured ^  sutficieot  to  charge  the  protiucer  properly,  and  an  exe-el- 

lent  full-time  te^st  (protlucer-gas  test  117,  see  p.  77)  was  made  on  it, 

with  no   admixture   of  other  fuel.     The  results  were  exceetlingly 

Batisfactorv. 

COALS    TESTED, 

During  the  period  coveretl  by  tliis  report,  6D**  producer-gas  tests 

have  lieen  made  on  61    coals  from  16  States  and  1  Territor^%  as 

follows: 

Producfr-gas  tc^ts  matU^  by  States. 


omo. 

Num- 

1 

Cool. 

Nuni- 
twfof 

■            CO-. 

Hmn- 

tOttiL 

Nu»< ^..     .. 

1       kq.  la  B .,,... 

3 

ToQiKAAeQ — Continued. 

[         No.S... ...... 

No.  0  ,  ,        i-4 

1  ECojiiia!!  No«  6. 

No,2.... 

Ho.  e 

No.TA 

Hon.  S  A  uid  «  B 

tnliwi ,  ..^.. .... 

Ko.»*     ..***, 

Ko.3 

Now  Mexi^n: 
Ko,  3  A 

Nck3 

llfeKri«: 

No.4  A,. ...., 

No.  1 

Ko,  lOC .-. 

No.  21 ..J 

Ko.aa  A ., 

Kd.5 

Oldo:                                  1 
No.  Jfl ,.. 

Otflh  No.  1..... 

VlreinlH: 

I^o.*A... 

HOh  2S  A .       , . ,     *  * 

No.fl,.. ,.. 

No  23B.- 

No,  12....... 

t'uiuiijrlirwita: 

No,  I] 

No.  1  A*.   .    .,, 

?J'j  24  B 

X.r.  XSB ,,, 

Ho,  1  B ,. 

SV,  it,     _   ,  ,..*.-.. 

So.  13 .  ,. 

No.  3 ,„. 

Nb  27 , 

No.  13 

No*  Ifi                    .     . 

Weet  Vlrgtala: 

No.  U  B*         ... 

Ko.M 

No.  10..,.-....,..,.. 

No,2<...     .......... 

iMkua: 

No.  17... 

No.  26 *,. 

Kb,  11 „ 

No.  22...... 

Wyoinlnf: 

No.  4., 

No  13 , 

No.  1 

Ko,  M._ 

No. 5... ... 

So,  u,_ 

No.  2,. „,„„..„,.: 

No,  ft 

No.  IC 

No.  3 

No,-* , 

Tlie  results  of  the  producer*^as  tests  are  given  in  brief  on  subse- 
quejit  pages,  and  may  be  found  by  referring  to  the  index  table  (p,  14), 

SUMMARY. 

In  presenting  the  following  brief  summary  of  the  tests  made  dui^ 
B^  the  period  covered  by  this  report  it  lias  seemed  desirable  to 
^^mpile  the  data  in  such  form  thai  a  direct  comparison  could  be 
timde  between   the  different   types  of  fuel  used.     The  fuels  ha%*e 
therefore  been  divided  into  bituminous  coals,  lignites,  bone  coal^  and 
peat.     The  residts  from  peat  arc  confined  to  those  obtained  from  the 
jangle  test  on  Florida  peat^  and  might  possibly  be  modified  aome- 
vliat  if  tliey  were  averaged  with  residts  of  several  ie^t^s  of  peat  from 
rarious  sections  of  the  country.     Tlie  figures  given  for  the  mixture 
of  tar,  water,  soot,  etc,  delivered  by  the  tar  extractor  per  ton  of 
ooaI  are  very  rough.     Slight  changes  in  the  methods  used  in  oper- 
ating the  plant  will  vary  these  figures  considerably,  although  the 
results  given  represent  fair  average  values. 


•  Four  teatB  not  ioclnded  in  this  number  were  attempted,  but  tlie  resulting  data  weie'  inauf&deiiX  to 
tepott. 
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WASHING  TESTS. 


By  G.  R.  Delamater. 


INTRODUCTION. 

During  the  first  six  months  of  the  period  covered  by  this  .j||^ort 
the  washing  tests  were  conducted  under  the  direction  of  Jc^  D. 
Vick,  assisted  by  Edward  Moore.  J.  H.  Gould  was  in  charge  of  the 
tests  from  July  16,  1906>  to  October  13,  1906,  and  G.  R.  Delamater 
was  in  charge  from  November  15,  1906,  throughout  the  balance  of 
4e  period. 

EQUIPMENT  AND  OPERATION. 

The  Stewart  jig  used  during  1905^  was  employed  in  making  all 
tests  until  February  22,  1906,  when  the  washer  plant  was  almost 
entirely  destroyed  by  fire,  and  with  it  a  few  samples  of  coal  that  were 
stored  in  the  bins.  The  plant  was  immediately  rebuilt,  and  siin^ar 
equipment  and  methods  were  used  for  the  tests  made  till  November 
lo,  1906. 

During  December,  1906,  a  special  jig  was  installed.     This  jig  was 
of  the  center-plunger  type;  that  is,  the  plunger  was  directly  beneath 
the  screen,  and  its  upward  stroke  caused  the  pulsation.     The  plunger 
had  no  valves,  but  instead  valves  were  arranged  in  the  sides  of  the 
jig  body  to  admit  the  water  supply  on  the  downstroke  of  the  plunger. 
Cams  and  springs  were  so  arranged  that  the  plunger  had  a  slow  down- 
ward and  a  quick  upward  stroke.     The  screen  of  this  jig  was  4  by  5 
feet  in  area  and  was  made  of  strips  of  No.  10  wire  running  lengthwise 
of  the  screen  frame  and  set  one-sixteenth  of  an  inch  apart.     The 
length  of  stroke  was  adjustable  up  to  4  inches.     The  depth  of  the  coal 
bed  was  also  adjustable. 

Owing  to  the  fact  that  the  power  for  oi^erating  the  washer  plant 
was  furnished  by  a  12  by  16  inch  Frost  steam  engine,  belted  to  a  main 
shaft  from  which  the  jigs  and  other  machinery  were  driven,  it  was 
impossible  to  change  the  speed  of  the  jigs.  Better  results  could  have 
been  obtained  on  some  coals  tested  had  it  been  possible  to  change  the 
sj)eed  to  suit  the  length  of  stroke  used. 

a  Bull.  U.  S.  Geol.  Survey  No.  290, 1906,  p.  31. 
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As  the  only  crusher  available  for  this  work  was  an  18  by  24  inch 
Cornish  tooth-roll  crusher,  it  was  impossible  to  crush  some  coals  as 
fine  as  was  desirable.  However /an  adjustable-mesh  bumping  screen 
was  installed  in  January,  1907,  in  such  a  manner  that  the  coal  was 
first  passed  over  this  screen  and  the  tailings  then  passed  on  to  the 
crusher,  while  the  coal  which  went  through  the  screen  dropped  into 
the  bin  over  the  jig.  The  product  of  the  crusher  was  then  elevated 
again  to  the  screen,  and  this  cycle  of  operation  was  repeated  until  all 
the  coal  passed  through  the  screen. 

In  December,  1906,  a  *' float  and  sink"  testing  equipment  was 
installed.  Before  each  washing  test  was  made  samples  of  the  raw 
coal,  quartered  down  to  2  kilograms  each,  were  tested  on  four  differ- 
ent specific-gravity  solutions.  In  this  manner  it  was  possible  tc 
make  a  preliminary  determination  of  the  result  of  a  separation  under 
varying  percentages  of  washed  coal  and  refuse,  and  the  coal  was  then 
washed  with  the  jig  regulated  to  discharge,  as  refuse,  a  percentage 
about  equal  to  the  percentage  found  advisable  from  the  float  and  sink 
tests.  After  a  washing  test  was  made  a  sample  of  the  refuse  was 
taken  and  quartered  down  to  four  samples  of  2  kilograms  each,  and^ 
these  were  also  tested  on  the  specific-gravity  solutions.  The*  test 
showing  the  highest  percentage  of  float  coal  and  having  an  analysis 
which  agreed  fairly  with  that  of  the  washed  coal  was  then  used  in 
determining  the  percentage  of  loss  of  good  coal  in  the  refuse.  In  this 
manner  the  efficiency  of  the  test  was  shown, 

EXPLANATION  OF  THE  WASHING-TEST  DATA. 

The  only  parts  of  the  washing-test  tables  requiring  explanation  are 
the  ''Per  cent  reduction"  and  ^^  Amounts  actually  removed"  as  given 
in  the  note  accompanying  the  tables.  The  per  cent  of  reduction  is 
obtainetl  by  comparing  the  percentages  of  impurities  in  the  raw  coal 
with  those  in  the  washed  coal.  It  will  be  readily  understood  that  if 
the  ash  alone  he  reduced  by  washing  the  fixed  carbon  and  volatile 
matter  a\411  show  a  higher  percentage  in  the  washed  coal  than  in  the 
raw  coal.  However,  in  actual  practice  it  is  impossible  to  make  so 
perfect  a  separation  that  there  will  be  no  portions  of  constituents 
other  than  the  impurities  removed  in  washing,  and  therefore  the  per- 
centage of  any  one  constituent  in  the  washed  coal  is  affected  by  the 
reduction  of  each  of  the  other  constituents.  This  is  clearly  indicated 
in  test  192,  on  Alabama  No.  6  (see  p.  60),  and  in  test  198,  on  Virginia 
No.  6  (see  p.  271).  By  comparing  the  analyses  of  raw  and  washed  coal 
in  test  192  we  find  the  same  percentage  of  sulphur  in  the  washed  coal 
as  in  the  raw  coal,  and  in  test  193  the  sulphur  in  the  washed  coal  is 
higher  than  it  was  in  the  raw  coal.  It  will  therefore  be  seen  that  a 
simple  comparison  of  the  analyses  of  raw  and  washed  coal  does  not 
always  show  whether  any  of  the  sulphur  in  the  raw  coal  was  actually 
oved  with  the  refuse  in  washing. 


WASHING  TESTS. 


81 


In  order  that  this  point  might  be  determined,  the  following  formu- 
las were  derived  and  used  in  making  up.  this  report.  It  will  be  noted 
by  referring  to  the  test  data  that  in  test  192  (p.  60)  10  per  cent  of  the 
original  sulphur  in  the  raw  coal  was  removed  with  the  refuse  in  wash- 
ing, and  in  test  198  (p.  271)  13  per  cent  of  the  original  sulphur  was 
removed. 
Let  X  =  the  percentage  of  reduction  of  any  constituent. 

Y  =  the  percentage  of  the  constituent  removed  by  washing. 

M  =  the  percentage  that  the  amoimt  of  the  constituent  in  the 

washed  coal  is  of  the  amount  in  the  raw  coal. 
a  =  the  percentage  that  the  washed  coal  is  of  the  raw  coal. 
6  =  the  percentage  of  the  constituent  in  the  washed  coal. 
c=the  percentage  of  the  constituent  in  the  raw  coal. 
Then— 


X. 
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During  the  period  covered  by  this  report^  61  washing  tests  were 
made  on  57  coals  from  14  domestic  States  and  Territories  and  Argen- 
tina, as  follows: 

Washing  testn  viade,  by  States. 


Coal. 


Num- 
I  berof 
I  tests. 


.Ikbama: 

No.  2B 

No.  3 

No.  4 

No.5 

No.  6 

tina  No.  1. 


IxpnitiDa 
Ananaas: 

No.  IB. 

N0.7B. 

NcS... 

No.».... 


No.  20... 
No.  21... 
No.  22  A. 
K0.22B. 
N0.23A. 
N0.23B. 
Na24A. 
Ka24B. 
N0.2SA. 
No.  26... 
Ko.27... 
Xa28C. 


Coal. 


Illinois— Continued. 

No.  29  .\ 

No.  30 

No.  34  A 

No.  34n 

Indiana: 

No.  12 

No.  20 

Indian  Territory: 

N0.2B...; 

No.  8 

Kansas: 

No.  2B 

No.  6 

Kentuclcy: 

No.  2  B 

No.  9  A 

Missouri: 

No.5 

No.  7  A 

No.  7  B 

New  Mexico: 

No.  3C 

No.  4  A 

No.  4  B 


Num- 
Ixjrof  , 
tests.  ' 

Coal. 

Num- 
l>erof 
tests. 

2' 

2 

New  Mexico— Continued. 

No.5 

Ohio  No.  12 

Pennsylvania: 

No.  12 

No.  15 

1 

^  ! 

No.  17 

No.  20 

Tennessee: 

No.  1 

No.5 

No.  7  B 

1 

2I 

Nos.  8  A   and 

mixed 

No.  9  B 

8 

1 

J  1 

No.  10 

No.  11 

Virginia  No.  6.... 
West  Virginia: 

No.  22  A 

No.  23B 

Miscellaneous  No. 

10. 

1 

1 

III 

The  detailed  results  of  the  washing  tests  may  bo  found  on  the  pages 
Referred  to  in  the  index  table  (pp.  14-19). 

*Bf^de»  theme  tcata.  two  tests  not  n*iK)rtcd  heroin  were  made,  a.s  follows:  Tests  155  nnd   154, 
Ktnoori  Noa.  6and  7,  respectively  (coui  l)iirne<l  in  th(>  fire  ut  the  plant). 


CX>KING  TESTSl 


Bv  A.  W.  Beldev. 


INTRODUCTION. 


Til/?  r/>kin((  ieitiH  for  th«*  perirKl  covenwl  by  this  report  were  made  in 
t.h#'  two  Uf#'hivf;  ovi^as  that  were  eiiipioye<l  in  the  1905  tests,  and  the 
tnf'i\n94\  of  prrKreilure  was  the  .same.* 

T)i#'  [KTH^^nrifl  of  the  .section  remaine<l  the  same,  the  writer  being 
nmifiUul  by  W.  K,  Vir-kerH,  of  P#>cahonta8,  Va. 


COALS  TESTED. 


In  th#!  Mro(¥*  of  this  rctport.  rovering  the  period  from  January  1, 
MKiO.  to  PVbruary  20,  HK)7,  are  include<l  results  from  98  coking  tests 
on  'f7  roiil.H  from  17  StatOH  and  1  Territory,  as  follows: 

dokiruj  tfMtt  made,  by  States. 


i^ml. 


A\»^miiit% 

So 

/  h 

So 

.1 

So 

i 

No 

No 

1, 

Xrkniitny 

No 

1  M 

No 

/  l» 

S'o 

0 

ntotyii 

1    Sm 

IlllOOlq 

No 

yl 

N». 

/I 

No 

n\\ 

No 

'/A  A 

No 

/;»  M 

No 

74  A 

No 

71  M 

No 

7f.  A 

No 

7«. 

No 

7/ 

No 

7M( 

No 

7U  A 

No 

M  M 

N'liiri- 
Nr  of 

U'HtH. 

I 
2 

IiidlHHH: 

No.  12 

No.  17 

Nnm- 
hcrof 
tests. 

3  : 
1 

C<mL 

Tennessee  : 

No.l 

No.  2 

No.  3 

No.  4 

No.  5 

No.6 

N0.7B 

No.  8  B 

N  am- 
ber ol 
tests. 

2 
1 

2 

I 

4 
2 

No.  IH  A 

KHUHnn  No,  «J 

KonliKrky: 

No.H 

No.  (»  A 

MiNNi)iiri  No.  /i 

2 
2 

2  : 

I 
1  ' 

1 
2 
I 
I 
2 
I 

I 

NVw  .Mi'xiro: 

N(..  3(' 

No.  4  H 

2 

2  ' 

No.9 

No.  10 

No.  11 

UUh: 

No.l 

No.  1  (with  Khode 

Island  No.  D 

Virginia  No.  6 

^  ashlngton  No.  2 

West  vTrglnla  No.  25  . . . 
Wyoming  No.  5 

1 
1 
1 

2 

No.  r, 

2  1 

2  , 
2 

NoM.  .{  C.  4  n.  am 
inix(><l 

15                  ' 
.    .             1 

1 

1 
2 
2 
1 

1 

Ohio  No.  12 

I'riinHvlviiiiia: 

So.  1! 

No.  12 

St*,  i:. 

No.  17 

1 

1 
2 
2 
2 

2 
2 
1 

1 
1 

No.  10 

No.  2<) 

No.  21 

2  1 

-W 

Of  Hirsc  S)S  t<»sts,  :\\)  woro  made  on  raw  coal,  51  on  washed  coal, 
r»  oh  whhIhmI  coal  with  the  addition  of  pitch,  1  on  washed  coal  with 
thr  }iddi<i(»n  of  iisphah,  and  2  on  raw  coal  with  the  addition  of  graph- 
itic (MMil  h>w  ill  vohitilc  matter. 
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Of  the  57  different  coals,  4  produced  no  coke,  viz,  Illinois  No.  21, 
Illinois  No.  24  A,  Indiana  No.  18  A,  and  Wyoming  No.  5. 

Two  efforts  were  made  (tests  141  and  157)  to  improve  coke  from 
Utah  No.  Ij  by  mixing  with  this  coal  33  J  per  c^nt  and  25  per  cant, 
leapectively,  of  Rhode  Island  No.  1,  a  graphitic  coal  containing  4-92 
per  cent  volatile  matter,  the  idea  being  to  reduce  the  volatile  matter 
to  approximate  that  contained  in  good  coking  coaL'  In  the  test  141 
no  coke  was  {mdacad;  test  157  gave  3,604  pounds  of  very  inferior 
coke,  and  3,208  pounds  of  breeze  (p  263), 

The  results  of  the  coking  tests  may  be  found  m  the  detailed  report 
q{  each  sample  pre-sented  on  the  following  pag€\s, 

*         -'  FUTURE    WORK. 

It  has  been  decided  to  move  this  section  of  the  plant  to  Denver, 
Colo.,  in  ORler  to  take  up  the  question  of  producing  coke  from  western 
coals  and  to  experiment  further  with  the  addition  of  volatile  hydro- 
carbons to  Doncokiiig  coals  and  to  coals  producing  an  inferior  grade 
of  coke.  Tests  will  also  be  made  with  the  mixing  of  coaia,  and  differ^ 
sit  degrees  of  fineness  of  crushing.  The  scope  of  the  work  will  be 
iottended  to  include  by-product  coke, 

WmB^  BoIL  No.  332--0S ^  , 


CUPOLA  TESTS  ON  COKE. 


Hy  Richard  Moldeskk. 


EQUIPMENT. 


Owinj^  Uf  thft  removal  of  one  of  the  cupolas  which  served  for  the 
U'HiH  oil  foiirirln'  (Ufke  during  the  I»uisiaiia  Purchase  Exposition,  all 
l\u'  toHlH  tfiHiUi  Hiucji  then  were  conducted  in  the  36-inch  Whiting 
toiitulry  ('MIX An.  The  36-inch  shell  was  relined  to  26  inches  internal 
iliniuo.U'T.  'Hif^re  were  four  horizontal  tuyeres  11  inches  above  the. 
Hand  iKtiUftfif  and  the  total  tuyere  area  was  96  square  inches,  giving  a 
nif  io  wif  li  thr»  ciifK)la  area  of  1  to  5.96.  By  training  the  crew  properly 
it  WHM  fHiHsilile  U>  nin  off  two  heats  a  day  without  interruption. 

PERSONNEL. 

T\w  riijHila  tosts  wc»n^  (conducted  l)y  W.  G.  Ireland,  under  the  direc- 
tion of  A.  \V.  lii'Idcn,  th(»  (toko  expert  of  the  Geological  Survey,  and 
with  the  ni\v'\('v  of  Dr.  liicliurd  Moldenke,  in  charge  of  the  cupola  tests 

of  till*  fiu'l  testing'  plimt. 

MKTHOD  OF  TESTING. 

TIm'  MM'thod  of  testing  lius  been  fully  described  in  the  report  of  the 
fiK'l  t*'fvlinj«;  phmt  for  I1M)4."  It  was  sometimes  necessary  to  vary  the 
proport  ion  of  scrap  to  pi<^  iron,  accordinj];  to  the  supply  toward  the  end 
of  I  hi*  tosts,  hut  th<»  total  amounts  were  kept  correct  as  planned  for 
\]w  |';i'nrral  scries  of  t<^sts. 

After  roni|)lrt  in^^  t  \w  tests  on  the  available  cokes  in  the  regular  way, 
fio  llfiil  \]w  results  ini^dit  ho  com])arable  with  the  previous  work  of  the 
MiM'l  ion,  a  furl  hrr  s(»ri(vs  of  t4>sts  was  made  on  some  of  these  cokes.  In 
||hvs(»  tests  th(»  Imm!  coko  was  not  kept  at  a  constant  height  above  the 
tuyeres,  hut  the  carbon  content  was  calculated  from  the  analysis  of 
the  partieidar  coke,  and  a  sufficient  amount  taken  to  make  up  175 
jMiunds  of  carl)on,  regardless  of  the  height  above  the  tuyeres.  The 
reNults,  wliieh  show  interesting  features,  are  withheld  for  a  publication 

'»  Vrot.  raI»«T  U.  S.  «ih)1.  Survey  No.  48,  pt.  3, 1906,  pp.  1867-1870. 
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ling  with  coals  receiTed  during  1905.  Some  cokes  gave  b<?tter 
belting  ratios  and  melting  rates  per  hour  than  with  the  ordinary'-  test 
l^thod^  and  others  gave  inferior  results.  The  test^  were  maile  to 
iow  the  advisability,  on  the  part  of  the  manufacturer  as  well  as  of 
het  foundryman,  of  studying  the  conditions  of  cupola  practice  with  a 
riew  to  adopting  those  methods  which  give  the  best  results* 

COKES    TESTED. 

The  results  of  69**  cupola  tests  on  33  different  cokeys  made  from 
iieis  from  1 1  States  and  1  Territory  are  included  in  this  report.  Many 
|l  the^e  tests  are  on  washed  samples,  and  several  of  the  t^sts  were 
i^peated  in  order  to  get  more  satisfactory  results.  The  origin  of  the 
pies  and  the  number  of  tests  made  are  as  follows: 

Cupola  tmti  mad^  m^  cok€^  by  Statu. 


Coftl. 


berof  ,                    CoftL 

Num-i 
ber  of 

Colli- 

Num- 
ber ol 

\ 

illaMtiri  No.  i w. . . . - . . 

il 

No.fl - 

$ 
3 
1 

t 
9 

I 
> 

1 

\ 

1 
1 

New  M*3Ucfi: 

No.  4ll.„.. 

Koe.aP,4B.AlulJ 

mlxod..  ^.- . ... . 

2 

No.7D ,,. 

2 

Noi.  S  JL  ftiid  8  B 
MtXid 

2 

Nrt.  0 „,,,....;. 

No.  U „.., 

No.  12 .  

NoA.  9  a  jmd  9  C 

a 

No.  10,. .._'..,. .^.. 

No.  ll.„.... 

UUbNo.  1 .... 

WaiHtDgton  No.  2 

a 

3 

No.  JK, ,,-.,-, 

1 

TfliiQesHv: 

No.  1 ..., 

No.2 .„. 

No.3 - ,„ 

a 

m 

No.  4......„... 

No.& *..>., 

1                   ; 

The  detailed  results  of  the  standard  series  of  tests  on  these  cokes 
may  be  found  by  referring  to  the  index  table  (pp.  14-19). 


•  This  number  does  not  include  the  tests  on  fuels  received  during  1905,  many  of  which  were  con- 
<ni  f I  il  during  this  period.    These  tests  are  reserved  for  future  publication. 


BRIQUETTING  TESTS. 


By  C.  T.  Malcolmson. 


INTRODUCTION. 

During  the  latter  part  of  1905  tests  were  conducted  «  on  briquet^ 
made  in  the  briquetting  machine  built  by  William  Johnson  &  Sonig 
liceds,  England,  and  hereinafter  called  the  '^English"  machine.  Na 
attempt  was  made  to  obtain  data  on  these  tests  other  than  superficial 
observations  on  combustion.  The  results  were  entirely  satisfactory^ 
and  it  was  therefore  decided  to  continue,  during  1906,  to  mak^ 
briquets  from  the  surplus  of  samples  of  coal  sent  to  the  plant,  01 
order  to  substantiate  with  practical  tests  the  conclusions  reacheJ 
from  laboratory  experunents  made  during  the  previous  year.  i 

PERSONNEL. 

On  January  1,  1006,  the  writer  was  instructed  to  proceed  witM 
these  investigations.  W.  J.  Chapman  was  placed  in  charge  of  thri 
operation  of  the  machines,  making  the  briquets  used  in  the  testa 
and  assisting  as  observer  in  obtaining  the  accompanying  data,  an^ 
Kobert  Strasser,  of  Vienna,  was  placed  in  charge  of  the  chemical 
laboratory  of  this  section.  To  this  staff  were  added  G.  E.  Ryder,  10 
charge  of  h)comotive  tests,  assisted  by  Ralph  Gait  as  gas  chemist  and 
coinputor  and  C.  W.  Vocke  as  observer;  also  C.  L.  Wright,  in  charg0 
of  physical  tests. 

EQUIPMENT. 

The  work  of  briquetting  the  sani])les  already  reported  for  othetf 
tests  made  during  1905^  was  barely  start-ed  when  the  briquetting 
plant  and  all  stored  briquets  and  fuels  were  entirely  destroyed  Gt 
ruined  by  fire.  In  rebuilding  the  plant,  provision  was  made  for  tb0 
installation  of  an  experimental  briquetting  machine  of  the  plungef 
type,  built  in  St.  Louis  after  several  years  of  experimentation  anJ 
known  herein  as  the  '*  Renf  row  ^'  machine.  The  fundamental  differenoa 
between  it  and  the  English  machine  is  that  the  Renfrow  machino 


a  Bull.  U.  S.  Geol.  Survey  No.  290, 1906,  pp.  40-58. 
6  Bull  U.  S.  Geol.  Survey  No.  290, 1906. 
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ea  briquets  at  each  end  of  the  stroke  of  the  plunger.  By  this 
the  briquets  are  kept  under  compression  in  the  dies  twice  as 
for  the  same  output  as  tbej  are  in  machines  of  the  English  type, 
le  same  length  of  tiine  for  compression  being  assumed,  however, 
other  conditions  being  equal,  the  Renfrow  machine  has  double  the 
ulput  of  other  plunger-type  machines.  The  period  of  compression 
determined  by  experience  and  fbces  the  speed  of  the  machine.  The 
r  the  pressure  remains  on  the  warm  charge  the  greater  the  cohe- 
and  the  better  the  briquet^  but  the  smaller  the  output. 
Twelve  briquets  are  made  on  the  Renfrow  machine  at  each  end  of 
fe  stroke,  or  24  in  each  revolution.  At  12  revolutions  per  minute  the 
itput  was  4  tons  per  hour,  on  an  average^  for  all  fuels.  The  machine 
succeasfully  operated  at  16  revolutions  per  minute  with  a  rela- 
ely  LBcrea^d  capacity,  but  the  lower  speed  was  better  adapted  to 
B  experimental  work.  The  pressure  obtainable  under  ordinary 
hoiking  conditions  never  exceeded  1,000  pounds  per  square  inch, 
riiereas  a  pressure  of  2,000  to  2,500  poimds  ]>er  square  inch  is  consid- 
neceasary  to  make  satisfactory*  briquets.  For  this  reason  it  was 
nmd  ne€;essar3'  to  use  a  softer  pitch  and  a  greater  percentage  of  binder 
mi  on  the  Enghsh  machine,  in  order  to  make  good  briquets.  The 
wit  was  somewhat  obviated  on  the  Renfrow  machine  by  the  jacketed 
letters,  which  made  it  possible  to  control  absolutely  the  moisture 
xmtent,  Ad^^ces  have  been  received  that  the  Renfrow  Company 
begun  the  construction  of  a  new  machine  capable  of  producing 
pgher  pressure,  and  much  stronger  and  lieavier  in  every  way.  The 
i(|uets  will  be  3i  inches  in  diameter  and  will  weigh  12  oimces  each. 
The  English  machine  was  not  serioiLsIy  damaged  by  the  fire,  but  in 
ftpairtng  it  considerable  care  was  taken  to  strengthen  certain  parts, 
provide  better  lubrication  and  ahgnment,  and  to  replace  the  tight 
loose  pulleys  with  friction  clutches.  The  new  plant  was  first 
ted  hi  May,  1906,  and  as  a  result  uf  previous  experience  it  con- 
led  some  improvements  in  the  methods  of  crushing,  mixing,  and 
veying  the  fuel,  and  of  preparing  the  fuel  and  binder  before  briquet- 
The  new  auxiliary  equipment  for  tlie  two  machines  was  not 
ally  different  from  that  originally  belonging  to  the  English 
hiue.** 
Tlie  foundation  of  the  Stedman  disintegrator  was  raised  to  a  level 
ith  the  floor  so  as  to  be  more  accessible*  A  storage  bin  of  40  tons 
ipacity,  divided  into  four  equal  compartmonts,  was  built  sufficiently 
l%h  alxive  the  charging  floor  to  aUow  coal  to  be  drawn  by  gravity 
te  the  hopper  scales  placed  on  this  floor.  A  pitch  cracker  was  so 
jfbced  beside  the  scales  that  pitch  from  it  und  coal  from  the  scales 
p&ss  unifomily  to  a  mixing  conveyor  directly  imder  the  charging 
&nd  be  discharged  into  the  disintegrator  on  the  floor  below.     By 

'  »f9oL  Wmper  U>  S.  OeoL  SufT^  Ko>  «S.  igOG,  p.  1302;  Bnil.  U.  S.  Oeol.  Survey  No.  290,  1906,  p.  40. 
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this  arrangement  small  samples  of  coal  and  binder  could  be  tuniel 
on  the  charging  floor  and  fed  by  hand  into  the  convej'or  throu^  i 
hole  in  the  floor.  A  bucket  elevator  and  a  divided  chute  provided 
with  a  gate  served  to  convey  the  fuel  from  the  disintegrator  eitlMi 
to  the  agglomerating  cylinder  of  the  English  machine  or  to  the  stor 
age  bin  built  above  and  directly  behind  the  Renfrow  machine.  Thi 
bin  contained  an  agitator  to  prevent  the  fine  fuel  from  packing.  Th 
fuel  was  carried  from  the  bin  to  the  hoppers  of  the  Renfrow  machia 
by  belt  conveyors,  the  amount  delivered  being  regulated  by  gate 
in  the  bottom  of  the  bin.  Provision  was  made  for  the  use  of  eithe 
liquid  or  hard  pitch  as  a  binder  for  briquets  made  on  the  Renfroi 
machine.  During  the  hot  weather  considerable  difficulty  was  ei 
perienced  in  conveying  the  finely  divided  and  thoroughly  mixe 
coal  and  pitch  from  the  disintegrator  to  the  Renfrow  machine.  TK 
difficulty  was  obviated  by  introducing  the  melted  hard  pitch  inl 
the  coal  as  it  entered  the  hoppers  of  the  machine,  care  being  taki 
to  maintain  unifonn  temperature  and  rate  of  flow  of  the  pitch. 

The  bronze  bushings  of  the  dies  in  the  Renfrow  machine  we 
renewed  toward  the  end  of  the  period,  and  it  was  thought  advisal 
to  place  heavier  springs  behind  the  plungers,  as  those  in  the  machi] 
when  it  was  installed  had  been  badly  jammed  and  weakened  1 
double  charges.  Similar  renewals  were  made  on  the  English  m 
chine,  in  which  all  of  the  partition  walls  of  the  bronze  bushings  we 
cracked,  owing  to  improper  alignment  of  the  plungers  and  uneqv 
loading  of  the  dies. 

The  necessity  of  maintaining  a  comparatively  large  force  of  coi 

mon  laborers  about  the  plant  for  careful  handling  of  samples,  bo 

in  the  raw  and  l)riquette(l  form,  justified  the  use  of  more  labor  in  tl 

actual  briquetting  operations  than  would  be  found  in  a  conunerei 

plant.     The  thorough  cleaning  of  all  conveyors,  bins,  and  auxiUa 

apparatus  before  briquetting  each  sample  was  of  as  much  importan 

for  comparative  results  as  the  actual  briquetting  of  the  fuel;  co 

sequently  no  attempt  was  made  to  develop  mechanical  means  f 

doing  this  work. 

THE  BRIQUETS. 

DESCRIPTION. 

The  essential  differences  between  finished  briquets  from  theEngli 
and  Renfrow  machines  are  (1)  the  shape,  (2)* the  size,  and  (3)  tl 
cohesion  of  the  warm  briquet. 

The  English  briquet  is  rectangular,  4 J  by  6}  inches,  and  averag 
2  J  inches  in  thickness  and  3i  pounds  in  weight.  The  Renfrc 
briquet  is  made  in  biscuit  shape,  being  a  short  cylinder  3  inches 
diameter,  having  rounded  ends,  the  thickness  between  the  en 
ranging  from  IJ  to  3  inches  according  to  the  fuel.  The  avera 
weight  is  8  ounces. 


^ — - 

B  The  diffGrence  in  cohesion  of  these  two  briquets  iis  they  come  from 
^  tbe  machine  is  duo  mainly  to  the  method  of  treating  the  fuel  before 
compressing  it  into  briquets.  In  the  English  mat'hine  a  charge  is 
led  into  the  agglomerating  cylinder,  wliere  it  is  heated  by  passing 
steam  tlirough  the  mass,  superheated  steam  being  used  if  the  coal 
is  high  in  moisture.  The  finished  briquet  consequently  contains  an 
excess  of  moisture,  which  retards  hardening  and  necessitates  careful 
handling  until  the  briquets  become  cold.  In  the  treatment  of  fuel 
for  the  Renfrow  machine,  lUlcombined  moisture  is  reduced  to  as  low 
a  point  as  practicable.  The  mixing  of  the  mass  is  accomplished 
imifornily  and  continuously  in  Jacketed  cylinders,  using  superheated 
ilp&oi.  Toward  the  end  of  this  process  the  moisture  content  is 
mised  t^  the  amount  requisite  to  make  good  briquets  by  the  admis- 
lion  of  wet  steam  or  water,  according  to  the  temperature  of  agglom- 
erate desireil  at  the  dies.  By  this  means  the  moisture  in  the  briquet 
is  kept  constant  and  at  a  minimum.  The  briquets  are  sprayed  with 
rater  on  ejection  from  the  dies,  and  on  delivery  from  the  machine  are 
fttUicieutly  hard  to  be  handlal  by  coke  forks  and  loaded  for  shipment. 

BINDERS   USED, 

In  a<3cordance  with  the  practice  well  established  in  Europe  and  the 
nsolts  of  the  laboratory  experiments  of  the  previous  year,  no  binder" 
bag  been  considered  except  two  of  the  pitches  derived  from  the  dis- 
tillation of  the  tar  obtained  as  a  by-product  in  the  manufactiu^e  of 
illunxinating  gas.  The  large  and  increasing  use  in  this  country  of 
illuminating  gas  made  by  carburet  ting  water  gas  v-nth  oil  suggested 
the  use  of  the  pitch  thereby  ol)taineilT  which  is  known  in  this  report 
as  water-gas  pitch  (abbreviated  to  w.  g.  p.)-  The  other  pitch  used 
is  that  derived  from  the  destructive  distillation  of  coal,  and  is  here 
called  coal-tar  pitch  (abbreviated  tu  c.  t*  p.)^  The  pitch  derived 
from  by-product  coke  ovens  was  not  considered,  on  account  of  the  small 
number  of  these  ovens  in  this  count n^^  In  onler  to  obtain  data 
which  would  be  comparativej  all  hricjuets  in  any  one  lot  were  made 
with  the  same  binder.  The  binder  was  as  nearly  uniform  as  would 
be  found  practicable  in  commercial  operations  where  the  quality  of 
the  pitch  could  not  be  absolutely  ront rolled, 

QUALITY    OK    PITCH, 

No  effort  was  made  to  determine  the  best  quality  of  binder  for  each 
coal,  or  for  each  machine,  because  of  the  small  amounts  of  the  sam- 
ples available.  On  account  of  the  relatively  low  pressure  obtain- 
able on  the  Renfrow  machine,  the  binder  the  smallest  percentage  of 
which  was  required  to  make  briquets  with  satisfactory  physical 
pmperties  proved  to  be  pitch  just  hard  enough  to  be  broken  easily 
in  the  pitch  cracker,  while  pitcli  from  wliich  more  of  the  hea\y  oils  had 
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been  distilled  produced  less  smoke.  The  hardness  of  the  binder  was 
determined  by  a  compromise  between  these  two  factors.  From  6 
to  8  per  cent  of  binder  was  used. 

The  ''flowing  test''  for  determining  the  hardness  of  the  pitch  was 
made  in  the  following  manner:  The  bulb  of  the  thermometer  was 
covered  with  a  thin  layer  of  melted  pitch,  which  was  allowed  to 
harden.  The  thermometer  was  passed  through  a  cork  fitted  in  the 
mouth  of  a  test  tube,  which  held  the*  bottom  of  the  thermometer 
bulb  2  inches  from  the  bottom  of  the  tube.  The  test  tube  was  then 
held  in  a  vertical  position  in  a  beaker  of  boiling  water.  As  the  pitch 
became  soft  it  gradually  dropped  from  the  thermometer  in  the  form 
of  a  thread,  and  the  temperature  recorded  when  this  thread  reached 
the  bottom  of  the  test  tube  was  called  the  ''flowing  point." 

A  fractional  distillation  of  the  pitch  was  made  as  another  check  on 
its  quality.  From  this  distillation  the  oils  coming  off  under  572®  F., 
between  572°  and  680°  F.,  and  between  680°  and  743°  F.  were  re- 
corded. The  most  reliable  test  that  was  found  for  determining  the 
binding  property  of  a  pitch  has  already  been  described.**  Pitch  that 
at  the  temperature  of  the  mouth  could  be  bitten  nearly  through 
before  breaking  proved  the  most  satisfactory  binder  for  most  coals 
briquet  ted. 

The  results  of  the  tests  on  binders  are  given  in  the  following  table: 

Tests  and  analyses  of  pitch  hinders. 


Labora- 


Calorlflc    Flowiog 
value    I    point 


tor>  .NO.    ^B  t  n),,     (op)^ 


Oils  by  distillation  (ix^rccnt). 


Up  to 
572°  ¥. 


672<»to 
680°  F. 


680°  to 
743°  F. 


r 

273,">  !  IWi.S 

2729  2.')r..0 

2748  144.0 

2933  \b,mi  17G.0 

325S  ir.,373    ;  179.0 

329(i  I     H5.427  171.5 

;t410  !     Hi.  478  175.1 

348«  I     l«i,407  LsO.M 

30'23  10.027     I  !(>,->.  2 

3024  10.193  172.4 

3(i92  10.103  158.0 

3S85  10,870  140.0 

3tXi2  10. 19«)  \m.H 

4120  17  \y*>  154.4 

4318  l!k744  1(W.2 

4319  I  IK  rail  l.W.O 

4.>43  Hi.  909  143.0 

4025  JO.  570  15<i.2 

4683  10,087  101.0 

4S06  JQ.dOl  143.0 

48-.i5  11, \m  114.8 

4879  HS.^ilS  125.0 


Total 
up  to 
743°  F. 


Data  lost  In  fire  . 
<lo 


..do  . 

...do  . 

3.fiO 

3.08 

.85 
1.75 

.85 
1.25 
1.80 
1.43 
3.00 

.75 
1.00 
2.75 
1.02 
1.01 
1.28 
1.00 

.40 
1.33 


12.30 
11.57 
15.21 

0.00 
11.15 
10.35 
10.90 
14.83 
12.75 
11.25 
11.10 
10.35 
17.31 

9.50 
11.04 

9.44 

1.05 
10.53 


15.23 

31.19 

11.82 

26.47 

9.11 

25.17 

17.00 

24.70    1 

10.15 

25.15    ■' 

9.40 

20.00 

1.03 

22.82 

18.18 

34.44 

10.75 

26.50 

17.25 

29.25 

13.50 

25.00 

9.90 

23.00 

20.12 

39.05 

14.30 

25.47 

16.00 

28.9S 

15.23 

25.76 

4.25 

6.76 

15.15 

33.01 

Extrac- 
tion 
analysis: 
Pitch  ex- 
tracted 
(sample 
as  re- 
ceived) 
byCS, 
(per 
cent). 

58.56 
61.20 
89.20 
64.20 
80.27 
82.43 
79.98 
85.57 
09.21^ 
99.00 
69.71 
95.20 
77.79 
97.70 
90.42 
66.25 
99.66 
90.56 
89.31 
96.90 
100.00 
94.50 


o  Prof.  Paper  U.  8.  Oeol.  Survey  No.  48.  pt.  3,  1906,  p.  1396. 
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PERCEKTAGB   OF   BINDEB. 

In  handling  a  given  sample  of  coal  various  percentage's  of  binder 
Were  used  in  briquetting  lots  of  600  pounds.  The  remaiiuier  of  the 
caal  was  briquetted  with  the  minimum  percentage  of  binder  found 
Hecessaiy  to  make  a  satisfactory^  briquet.  In  all  copses  the  fuel  and 
binder  were  both  w^eighed  separately,  and  the  percentages  of  binder 
ptren  are  taken  from  these  figures.  The  extraction  analyses  by 
brbon  bisulphide,  the  results  of  which  are  given  in  the  above  table, 
irere  made  from  carefully  i^elected  samples  of  coab,  pitches,  and 
ittiquetSy  and  the  percentage  of  binder  in  the  finished  product  was 
cftlculated  from  these  deteiTtiinations. 

SAMPLING   AND   DBYING. 

A  majority  of  the  coals  sent  iu  for  briquetting  tests  only  were  slack 
Icoals  and  were  uuloadetl  on  the  ground.  Unless  these  samples  had 
been  subjected  to  heavy  rains  they  were  taken  direct  to  the  briquet 
fbms.  Washed  samples,  very  wet  slack,  and  coals  high  in  moisture 
iwere  passed  through  tlie  direct-lieat  rotating  drier  furnished  by  the 
C.  S.  Snow  &  Bartlett  Company.  In  some  cases,  where  the  mois- 
[tmre  content  was  ver>^  low,  so  that  it  was  necessary  to  add  consider- 
jible  water  to  the  coal,  the  water  was  added  before  grinding,  samples 
(for  moisture  being  taken  during  the  course  of  the  day's  run. 
Onlinarilj,  however,  the  coals  and  the  binder  were  sampled  as  they 
^t-^y^  fi^<|  into  tin*  <lisintegratnr.  The  steaming-test  analyses  of  bri- 
quets were  used  where  possible  and  are  given  in  this  report.  When 
no  steaming  tests  were  made,  the  samples  for  analyses  were  taken 
as  the  briquets  left  the  machine.  All  briquets  shipped  from  the 
plant  for  test  were  sampled  as  loaded  and  not  as  taken  from  the 
machine. 

TESTS    ON    BRIQUETS. 
COMBUSTION    TESTS. 

The  only  method  available  for  determining  the  relative  heating 
values  of  briquets  consisted  in  burning  them  under  boilers,  the  con- 
ditions being  uniform  with  those  for  the  steaming  tests  on  coals. 
These  tests  were  made  by  the  boiler  section  in  every  case  where  there 
was  a  sufficient  number  of  briquets,  and  are  reported  under  ''Steam- 
ing tests"  in  this  bulletin.  When  coal  was  not  available  to  make 
enough  briquets  on  each  machine,  with  the  same  percentage  of  binder, 
for  a  complete  steaming  test  on  both  the  English  and  Renfrew  bri- 
quets, the  test  was  divided  into  live-hour  nins  on  each  machine. 

Several  small  lots  of  briquets  containing  various  percentages  of 
Irinder  were  burned  xmder  the  boiler  to  note  the  behavior  of  the  bri- 
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quets  in  the  iire  and  the  effect  on  quantity  of  smoke,  but  the  main 
test  was  on  briquets  of  a  uniform  percentage  of  binder.  In  many 
tests  it  was  necessary  to  break  up  the  English  briquets  in  order  to 
obtain  capacity  on  the  boiler,  although  every  effort  was  made  to  bum 
them  imbroken  for  comparative  results. 

Besides  these  tests  on  briquets  at  the  plant,  two  series  of  tests  were 
run — one  using  the  briquets  in  locomotive  boilers,  and  the  other  in 
boilers  for  house  heating.  In  the  detailed  reports  given  in  this  vol- 
uiiie  tests  from  wliich  the  briquets  were  used  in  locomotives  are  indi- 
cated by  a  star  (*)  attached  to  the  test  number,  and  those  from  which 
the  briquets  were  used  in  house  boilers  by  a  dagger  (f).  In  many 
tests  the  product  was  divided,  part  being  used  for  a  house  test  and 
part  for  a  locomotive  test.  The  reports  on  these  special  tests  arc 
reserved  for  publication  in  a  subsequent  bulletin. 

DROP  TESTS. 

An  cirort  was  made  to  obtain  reUable  data  on  the  crushing  strength 
of  tlu*  various  briquets.     .Vfter  repeated  trials  on  selecteil  briquets 
from  several  niiis,  the  record  was  abandoned,  as  the  results  from 
bricjuets  made  of  the  same  coal  and  under  similar  conditions  did  not 
check.     Briquets  taken  at  random  from  the  same  lot  differed  widely. 
The  followinj^  method  of  testing  the  strength  of  the  briquets,  called 
the  "drop  test,"  was  chosen  as  an  approximation  of  the  handling 
to  which  they  would  be  subjected  in  commercial  use.     A  box,  24 
inrhcs  scjuarc  and   12  inches  de^p,  was  constructed  with  a  bottom 
c()nsistin<;  of  two  trapdoors  hinged  at  the  sides  and  so  closed  as  to 
be  easily  trii)ped  open.     This  box  was  supported  6i  feet  above  a 
cast-iron  plate,  which  was  i)lace(l  at  the  bottom  of  a  second  box  l2 
inches  deep.     Fifty   ixninds  of  briquets,  placed  in  the  upper  box, 
were  suddenly  (ln)i)pc(l   upon   the  cast-iron  plate.     The    mass  wa5 
then  screened  on  a  1-inch  mesh  wire  screen,  and  all  the  pieces  held 
were  a<rain  (Iropi)ed  from  the  box;  and  so  on  until  the  dropping  had 
been  i)erformed  five  times.     The  percentage  of  the  weight  of  the 
pieces  held  at  the  last  screeninj^:  to  the  original  weight  of  the  briquets 
was  called  "per  cent  held  by  1-inch  screen/'  and  the  remainder  was 
called  '*per  cent  through  1-inch  screen." 

TUMBLER   TESTS. 

The  tumbler  tests  were  chosen  to  obtain  a  fair  record  of  the  cohe- 
sion of  the  briquets,  especially  when  subjected  to  abrasive  action. 
The  method  used  follows  closely  the  one  adopted  by  the  French 
navy  and  used  as  a  standard  in  France.  The  apparatus  consisted 
of  a  tumbler  manufactured  by  the  S.  Obermayer  Company.  A 
number  of  whole  briquets  weighing  as  near  50  pounds  as  possible 
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plactxl  in  the  tumbler  and  rotated  for  two  minutes  at  a  uniform 
ipeed  of  28  r,  p,  m,,  after  which  the  contents  of  the  tiunhler  were 
icreened  through  a  1-inch  nie^h  screen  and  the  finest  again  screened 
Enough  a  lOmesh  sieve.  The  pieces  held  by  both  screens  w^ere 
reighed  and  the  data  in  the  tables  determined  by  these  weights. 

WEATHERING   TESTS, 

Small  piles  of  all  briquets  made  were  labeled  and  placed  in  a 
yard  exposed  to  the  weather.  Although  all  the  briquets  have  not 
liftd  uniform  weather  conditions,  the  length  of  the  exposiu^  is  a  fair 
ba^is  for  comparison*  As  no  ideal  briquet  Is  available  as  a  stand- 
ard for  comparison,  it  is  difficult  to  give  in  a  concise  statement  the 
i€tiial  condition  of  these  briquets.  The  following  is  the  key  to  the 
designation  of  condition  given  under  *'  Weathering  test: " 

Condition  A:  Briquets  practically  in  same  condition  as  when  put 
out.  Surfaces  show  no  signs  of  erosion  or  pitting.  Briquets  hard, 
with  sharp  edges,  and  fracture  same  as  that  of  new  briquets. 

Condition  B:  Shape  of  briquets  unchanged.  Surfaces  of  those  on 
top  of  pile  have  lost  luster,  with  evidences  of  pitting;  comers  and 
edges  worn  off  by  erosion.  All  briquets  firm,  with  fracture  prac- 
tically the  same  as  that  of  new  briquets. 

Condition  C:  Top  briquets  appear  similar  to  those  in  condition  B, 
and  show  signs  of  further  disintegration,  having  lost  original  sharp 
fractiu*e.  Erosion  more  evident  on  all  briquets  on  outside  of  the  pile. 
Inside  briquets  still  firm,  retaining  original  characteristics. 

Condition  D :  Top  briquets  so  badly  disintegrated  that  they  crum- 
ble to  pieces  on  handling.  Briquets  in  center  of  pile  show  signs  of 
disintegration;  luster  of  surfaces  gone;  edges  soft,  and  break  easily  in 
the  hand.  Fracture  not  so  sharp  as  when  newly  made,  but  briquets 
finn,  and  handled  without  breaking. 

Condition  E:  Entire  pile  disintegrated.  In  many  cases  the  only 
briquets  retaining  their  original  shape  are  those  protected  from  the 
weather.  Briquets  can  not  be  handled  safely,  but  crush  easily  in  the 
hand. 

ABSORPTION    TESTS. 

The  object  of  the  absorption  tests  was  to  determine  (1)  the  rate 
of  absorption  of  water  by  the  briquets  each  day;  (2)  the  time  required 
for  the  absorption  to  become  practically  complete;  and  (3)  the  time 
at  which  the  absorption  actually  ceases  or  the  briquet  disintegrates. 
The  apparatus  consisted  of  a  hydrostatic  balance  with  containing 
tank  and  four  galvanized-iron  pans  24  by  36  by  6  inches.  The  total 
lumber  of  samples  were  tested  in  two  sets — briquetting  tests  138  to 
198  and  199  to  250. 
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Four  Renfrow  briquets  or  one  Engligh  briquet  were  taken  as  a 
sample  from  each  representatiTe  lot  of  briquets  tested.  'These 
briquets  had  been  stored  under  cover  directly  after  being  made,  so 
they  may  be  safely  considered  as  air-dried  samples.  So  far  as  possible 
briquets  n^-ith  perfect  surfaces  were  used. 

The  method  used  in  testing  was  as  follows: 

(a)  The  sample  was  weighed  in  air  to  the  nearest  gram,  on  the 
upper  part  of  the  hydrostatic  balance. 

(5)  The  sample  was  then  weighed  in  water  by  being  submei^ 
on  the  lower  shelf  of  the  balance,  the  hour  and  minute  of  this  immer- 
sion being  noted. 

(c)  The  sample  was  removed  from  the  balance,  placed  in  pans,  and 
covered  with  one-half  inch  of  water. 

(d)  Each  succeeding  day  at  the  same  time  as  the  first  immersion 
the  operation  noted  in  b  was  repeated. 

(e)  The  gain  in  weight  was  noted  each  day  by  subtracting  the 
observation  for  that  day  from  the  weight  noted  in  h. 

(/)  This  gain  in  weight  was  calculated  to  per  cent  of  the  original 
weight  of  the  dry  briquet,  and  so  recorded  each  day. 

The  hydrostatic  balance  was  brought  to  perfect  adjustment  twice 
a  day  to  correct  for  variation  in  density  of  water  due  to  variations  in 
its  temperature,  which  was  recorded  three  times  daily. 

DENSITY. 

The  apparent  specific  gravity,  being  the  weight  in  air  divided  by 
the  loss  of  weight  in  water,  was  calculated  from  readings  a  and  b  of 
the  absorption  tests. 

SPECIAT.    TESTS. 

Water-gas  machine  test. — The  object  of  this  test  was  (1)  to  deter- 
mine if  the  briquets  could  be  used  as  fuel  for  the  production  of  water 
gas;  (2)  to  ('omi)are  the  results  obtained  with  those  from  retort  coke; 
(3)  to  observe  the  behavior  of  the  briquets  in  the  apparatus. 

The  briquets  made  in  test  164f  (see  p.  75)  were  shipped  to  the 
Mullanphy  street  station  of  the  Laclede  Gas  Company,  of  St.  Louis, 
Mo.,  and  tested  in  an  8.J-foot  water-gas  machine  of  the  Lowe  type. 
This  machine  has  a  rated  capacity  of  1,000,000  cubic  feet  in  twenty- 
four  hours.  This  test  was  made  under  the  direction  of  W.  A.  Baehr, 
chief  engineer  of  the  company,  and  the  observations  given  below  were 
made  by  Mr.  Wright. 


r 


BBlQUETTINa  TESXg. 


^       Dt^/rmn  water-go*  mathine  test. 

Xeogth  ol  blaet. .- ---- - ,mii«ileft--  5 

length  of  run. , , .....,--- , . , , , ,%  -  - 4o. .. .  # 

Told  DumlxT  of  cyciw.  < .,..,. . - ^ 

Total  number  of  ninfl  niftde. ,,,, 1--I - 2W 

Total  briquets  used .<,--..,,, ^ttndfl..  8(1,  J€0 

Tcytai  g>0  recorded  by  meter  in  4Sliou».,* ., cubic  feet..  1,959,000 

C^wctioB  fur  relief  holder^., ....<.- ._......, do..-.  56,  100 

Tntil|isi]]Mlein4gboui».. - do 1,902,900 

kmag!^  letnpeaturt?  of  gas  metered. -  - . .  — * , .  .*  F, .  73 

TMil  p0  fMJJp  in  4S  houji  corrected  to  60**  F cubic  feet. .  1^  854, 000 

TTi**hjil  ua^Hi  m44ilioiirs...., pdlons..  7,710 

i^^rag^  pKWure  of  air  during  blast -  - mchm  of  water. .  22. 5 

Atiflge  «t«friu  prefigure  during  rum . . . pounds, ,  29. 2 

Biii|ti«tB  per  1,000  fett  of  giw  aa  metered  (corrected  to  60^  F.) do 45»  ft 

^^m  coke  per  1,000  feet  of  gas  a» metered  (corrected  to  SO®  F.). ,  -do. , . .  SI,  5 

Oa  p«tf  1,000  fec't  ga»  aa  metered  (corrected  to  60*  F.) .gallom._  4.1ft 

Avpfflge  luminceity  of  gaa made*--. --.-,-----. -^ candlepower..  1^.4 

,  fwith  briqtiets :,------ caudle  feet,  -  4.  fi5 

I  ^^«W*inoiintofga«miide|^.^j^^j^^^^^j^^  ^^  ^^ 

.  ,  ,        ,  ,  (with  briquets -B*  t.  u, .  624 

Avt^  heal  value  of  gaamadc^^.^^^^^^^^      „„do...,  (M3 

4  -  ♦  *    -  ^      M  (with  briquets cubic  foet- .         S,  940 

Av«^  j-,dd  af  gu  »  metered  per  ninj^.^j^  5,^^^^^  ^^ ^  g^ ^ 

Avtt^gP  mncnint  of  oil  per  run , gallona. ,  3U.  2 

Oupoln  test — The  briquets  made  in  t^t  247  (see  p.  293)  were  sent 
to  the  Madi.son  plant  of  the  American  Car  and  Found rj'  Company,  of 
St.  Louis,  Mo,,  and  were  testetl  in  a  cu|xjla  under  the  direction  of 
llr*  Ireland,  of  the  cokinjer^^ction.  The  object  of  tliis  test  wa.^  to 
flet^rmine  if  the  coke  breeze  when  briquet  ted  could  be  made  to 
replace  or  be  used  in  connection  with  coke  in  foundry  practice.  It 
^'a8  hoped  that,  by  the  addition  of  lime  to  the  pitch  as  a  binder,  the 
tri(iuet^  would  be  able  to  supixirt  the  weight  above  until  they  became 
thoroughly  coked  tlirough,  the  lime  Iwing  available  also  as  a  flux- 

Coke  was  used  during  the  ftrst  (diarges  am)  150  poumls  of  briquets 
were  used  on  each  of  the  last  live  charges,  although  100  pounds  of  fuel 
is  the  regular  practice  at  the  foundry .  The  briquets  were  considera- 
bly broken  up  during  the  charging  of  the  iron,  and  finally,  as  they  got 
down  well  into  the  cupola,  they  broke  down  entirely,  letting  the  iron 
down  below  the  melting  zone.  After  dropping  the  bottom,  about 
1,500  pounds  of  immelted  iron  was  found  in  the  cupola. 
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COALS  TESTED. 


In  this  report  are  included  134"  briquetting  tests  on  53  coals  froi 
16  domestic  States  and*  1  Territory  and  one  sample  from  Argentini 
as  follows: 

Briquetting  tests  made,  by  States^  etc. 


Coal. 

'  Num- 
■  berof 
1  tests. 

Alabama: 

N0.2B 

No.  4 .-.. 

Aispntina  No.  1 

Arkansas: 

No.  7  B 

No.  13 

Illinois: 

No.7E 

No.9C 

No.  12  B 

1 

1 

3 

4 

1            3 

No.  20   (with  Ken- 
tucky No.  2B).... 

No.  21 

No.  23  B 

2 

:         1 

No.  28  A 

« 

No.  28B 

.1 

No.  29  A 

No.  29  B 

2 

No.  30 

No.  31 

No.  33 

Indiana: 
No.  1  B 

3 
4 
4 

1 

No.  5  B 

2 

No.  t)  B 

2 

Coal. 


I  Num- 
ber of 
I  tests. 


Indiana — Continued. 

No.l9 1 

No.3D 1 

Indian  Territorj-: 

N0.2B 12 

N0.2C 4 

No.  9 1 

Kansas  No.  2  B 7 

Maryland  No.  2 4 

Missouri  No.  10 5 

Pennsvlvania: 

No.l5 1 

No.  15  (with  Rhode 

Island  No.  1) '  1 

No.  16 3 

No.  18 : 9 

No.  18  (with  Misoel-  I 

laneousNo.  9) 4 

No.  18  Cvrith  Rhode  | 

IsUndNo.  1) '  1 

No.  19 3 

No.  20 7 

No.  22 3 

Tennessee: 

No.  1 1 

No.  4 1 


Coal. 


ber 

tMl 


Continued. 
No.  4  (with  Miscel- 
laneous No.  5) 

N0.7B 

Nos.  9  B  and  9  C 

mijied 

No.  10 

Texas  No.  4 

Utah: 

No.  1  (with  Rhode 

Island  No.  1) 

No.  2 

No.  2  (with  Rhode 

Island  No.  1) 

ViiSinia  No.  5  B ' 

Washington  No.  2 

Wyoming  No.  6 

MisoeUaneous: 

No.5 

No.9 


The  detailed   results  of  the  briquetting  tests  may  be  found 
referrin":  to  the  index  table  (pp.  14-19). 


"  This  nuinlMT  «1<m's  imt  include  H  tests  contlucted  on  coals  received  during  1905,  which  are  with 
for  future  publicatiou. 


RESULTS  OF  TESTS,  BY  STATES. 


The  following  are  the  detailed  results  of  tests  made  on  the  various 

ttples  of  coals  received  from  January  1,  1906,  to  June  30,   1907, 

[trranged  alphabelically  according  to  States,  and  showing  in  definite 

I  order  {see  index  table,  p,  14),  tinder  the  head  of  each  fuel,  all  the 

testa  made  on  the  different  samples  of  that  fuel. 

AL.\BAMA. 


.  AliAllAMA  NO.  2.a 

3ituminous  coal  from  Carbon  Hill,  Walker  County,  on  the  Frisco 
,  was  designateil  Alabama  No.  2  B;  The  coal  as  worked  at  a 
pth  of  30  feel  at  this  place  averages  4  feet  6  inches  in  thickness. 
One  sample  of  run-of-mine  coal  was  shipped  under  the  supervision 
J,  S>  Burrows  to  the  testing  plant ,  and  was  used  in  making  steam- 
t«sts  382,  383^  and  410  (on  briquets);  washing  test  163;  coking 
142  (washed  coal);  cupola  tests  107  and  131;  knd  briquetting 
13L 
Tro  mine  samples  were  taken  for  chemical  analysis.  Sample 
30 J 1  was  taken  3^500  feet  northeast  of  slope,  where  the  coal  measured 
4  feet  5  inches  in  thickness.  Sample  3012  was  taken  3,500  feet  north 
4)f  slope,  where  the  coal  measured  4  feet  6  inches  in  thickness. 

CH£MICAI  AKALTSSS. 

Alabiuna  No.  2  B. 


Mine  saniph's. 


Car 
I  sample. 


Steaming  tests.b 


LftbonUory  No 

Air-drjing  low 

Proxiiiuite: 

MoUtore 

Volatile  matter 

Fixed  carbon 

Ash 

^    Sulphur 

tTitimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxjgen 

Ash 

Sulphur 

Gaknillc  yalur  (as  received) : 

Detennined 


383. 


410. 


3011 
2.70 

4.71 
31.80 
53.32 
10.17 

1.33 


3012 
2.40 

4.51 

31.81 

54.76 

8.92 

1.48 


Calculated 
analysis. 


from 


(calories..         6,998    6.547 

iB.t.U...        12,596    11,785; 

Ultimata/calories. . ! 6,433 

.\B.t.u.-.| 11,579  , 


•-3211 
1.70  ;. 

3.95 
30.70 
50.76 
14.69 

1.12 

4.57 
6<i.  21 

1.49 
12.02 


3.80 

3.95 

32.09 

30.70 

50.47 

50.76 

13.64 

14.  S9 

1.19 

1.12 

4.35 

4.30 

69.71 

68.94 

1.57 

1.55 

8.95 

8.85 

14.18 

15.19 

1.24 

1.17 

3.43 
32.74 
51.34 
12.49 

1.24 

4.77 
72.17 

1.58 

7.27 
12.93 

1.28 


•  For  tests  of  coal  from  this  mine  made  during  1904.  sco  Bull.  U.  S.  Geol.  Survey  No.  261.  1905,  pp.  32, 
m,  88,  122;  Prof.  Paper  U.  8.  Geol.  Survey  No.  48.  1906.  pp.  38.  197,  337,  1017,  1328. 
»  Proximate  analysis  of  coal  as  fired;  ultimate  aimlysis  of  dry  coal  figured  from  car  sample, 
c  Sample  taken  from  steaming  test  383. 

47 


48 


BEPOBT  U.   S.   FUEL-TESTING  PULNT,  19(»-7. 

8TEA1EING  TESTS. 

Alabama  No.  2  B  (run  of  mine). 


Test  382. 

Test  383. 

a&4 

48.3 

19.4 

26.7 

e.6 

12.1 

&7 

12.9 

lao 

10.03 

12,411 

12,269 

0.69 

0.64 

.14 

.12 

2,280 

2,020 
17.26 

23.53 

3.87 

2.83 

106.6 

79.2 

6.68 

6.64 

•    7.93 

7.88 

a24 

&20 

9.80 

9.92 

64.12 

64.54 

3.67 

3.59 

4.40 

4.43 

3.43 

3.45 

4.24 

4.26 

Te8t4a«l 


Slse  afl  used: 

Over  1  Inch per  cent. 

I  Inch  to  1  inch do. . . 
Inch  to  i  inch do. . . 
nder  J  Inch do. . . 

Duration  or  test hours. 

Heating  value  of  fuel B.  t.  u.  per  pound  dry  fuel. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do. . . 

Furnace  temperature "F. 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface 

per  hour pounds. , 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  fuel  as  fired pounds. 

Water  evaporated  from  and  at  212°  F.: 

Per  pound  of  fuel  as  flrod do 

Per  pound  of  dry  fuel • do. . . 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate .  .per  cent. 

Fuel  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do 

Dry  fuel: 

Per  indicated  horsepower  hom* do 

Per  electrical  horsepower  hour ^ do — 


[seep.#0- 

9.9S 
13,8S» 


••| 


.13 

2,21* 
IflLU 

3.90 
9L4 
7.S 

&6P 

las* 

67.«» 

4.08 
3.14 


Remarks. — Test  410  on  briquets  from  test  131;  Renfrow  briquets  during  the  first  half 
and  English  briquets  during  the  last  half  of  the  test.  No  difference  was  noted  in  tbe 
action  of  the  two  kinds  of  briquets  while  burning,  both  burning  with  a  long  flame  with- 
out smoke,  coking  and  holding  together  "well.  The  Renfrow  briquets  as  fired  wer^ 
badly  broken  up.     No  clinker;  ash  of*gray  color  and  medium  weight. 

WASHING  AND  COKINO  TESTS. 


Alabama  No.  2  B  (run  of  mine). 

Washin{f  test  16S. — Size  as  xised,  crushed  to  2  inches;  jig  used,  Stewart.  Raw  coal, 
15,800  pou mis;  wa.shed,  13,700  pounds;  refuse,  2,160  pounds. 

Cohiiuj  test  142. — Size  ub  used,  washed,  imely  crushed.  Duration  of  test,  51  hours. 
Ck^al  (charged.  10,530  pounds.  Coke  produc^ed,  0,197  pounds;  58.85  per  cent.  Breeze 
produced,  084  pounds;  6.50  per  cent.  Total  yield,  65.35  pounds.  Poor  coke,  soft  and 
dense. 

Analyses. 


Moisturo 

Volatile  matter 
Fixed  carbon . . 

Ash 

Sulphur 


Washing  test  163.  I     Coking  test  142. 


Raw 
coal. 

Washed 
coal. 

Coal. 

Coke. 

3.95 
30.70 

6.29 

6.26 

31.99 

52.66 

9.09 

1.36 

3.04 
LOO 

50.76 

82.15 

14.59 
1.12 

9.39 
1.22 

13. 7S 
Ll« 

TESTS — ALABAMA. 


4» 


Cupola  tests  ofcok^  made  from  Atabmna  ^o.  ^  B  coal  (fnashtd). 
CHARGE. 


i 


Cote. 


m 


%m 


142 


Pera- 


clflc 

grav- 
ity^ 


L8S 


Iron  to 


Flu- 


Per  a. 


DlvtAloiltf  Ol  dkAlie, 


Lb4. 
CdkA -...     300 

S^^np I  300 

{GQik« ..J  200 

<  FlgifOD  .....  600 

.Sonp.,.....J  300 


Lb*. 
1^ 

m 
in 

13S 


58 
413 

138 

413 
138 


57 
413 

m 

S7 
412 
137 


ToUL 


£6#. 

Lbs, 

67 

430 

4ia 

2,3fl0 

137 

760 

E? 

430 

m 

2|250 

m 

7fi0 

RECORD  OF  tCBI^* 


L 

BlAvt  pteaeuip. 

rua- 

Weight  Qt  troii. 

Melting. 

B^COYDlfed* 

ODftt^ 

Pouiwl. 

Addl^ 
tioiui 
nteltod. 

Tol*l. 

Time. 

Rate 

hour, 

■ 

Ratio 
Iron 
to 

eole^ 

Lou. 

Iron. 

CofctJ. 

10^^  in... 

Or. 
7 
7 

7 

2,317 

3e 

Ibi. 
4,»01 
4,3S7 

&90 

Fern. 

(to 

12.33 

Lb*. 
2H 
413 

Lbf. 
37 
4a 

l^iJnUS  RBOORD. 


TertlflfT. 

iMm.      1 

LAdlttNo. 

TratlOT. 

T^t  13L 

LidfeHo. 

Pmmdi. 

TtoMj 
(p.  m.). 

Pouudi. 

TtmP 

lNMind». 

Ttttkfl 

Foimdi. 

1 ..„, 

J „_  , 

09 
Oi 

m 
» 

101 
70 

«l 

lA^ 

2. 10 

2:l6i 

2.1? 

119J 

2130 

2.22 

2.334 

3.S^ 

2.331 

3.24 

2.25 

^2^ 

77 
30 
74 
73 
fl8 
72 
70 
40 
71 

m 
n 

47 

I0.il 

ladft 

10.  57 

m.  5f^i 

10  5Q 

iKoa 

11,04 

U.044 

11.05 

11.07 

11. 07^ 

1L08 

ii.oaj 

15............ 

10 

75 
7^ 

n 

z 

103 

m 

97 

2.2« 
2.261 
3.F 
2  28 
3.  SB 
2.30 
3.301 
2.31 

IS' 
aiafi 

«) 

1€0 

00 
BO 
20 
SO 
£3 
BO 
82 
131 

ILU 

11.  IH 
11.12 

l.,... 

li:::::::::::: 

IP _„.. 

1 .„_ 

11.13 

* 

n.13| 
11.14^ 

i, „_ 

20 . 

2l_, 

I 

U.]4t 

11.16 

............ 

22 

>....„ 

33. 

11. 15) 

it.,.. „ 

24 

11.10 

C  . 

25. ...... 

11.17 

a ,:::: 

20..    ...... 

11.18 

a. 

■27 ,. 

............ 

itfmarii, — Test  107:  Ipoh  very  hot  and  fluid. 

BEiaiTETTING  TEST. 
Alabama  No.  2  B  (jun  nf  mine). 

Tat  131. — Blze  as  used:  Over  I  inch,  2.S  per  v^jxt;  ^  inch  lo  J  inchj  11.6  per  cent; 
if  inch  to  ^^  ttich,  2i.2  per  cent;  i^^  inch  to  ^  inch,  23.4  ppr  cent,  through  ^^  incli, 
41  per  cent.  Kind  of  binder,  water-gas  pitch;  laboratory  No.  3410  {ma  p.  40); 
weight  of  hiol  briquetted,  14*000  pounds.  B.  t.  u.  per  pound  of  coaj  as  received, 
11,939;  per  pound  of  briquets  as  fired,  12,115;  per  pound  of  binder,  16,47J3.  For 
t]isJyBe»  of  briquets  see  page  47  (attorning  tcEit  410)- 

Engliah  briquets  made  at  175°  F.,  avej^e  weight  3.31  pounds,  with  5  and  6  per  cent 
binder,  proved  to  be  good  briqueti*;  fracture  clean;  edges  and  miriacee  firmer  with  6 
per  cent  than  with  5  per  cent  binder.  In  the  drop  teet  with  5  per  cent  binder  tho 
19608»  BulL  No.  332—08 i 
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l-inch  screen  held  91.5  per  cent  and  passed  8.5  per  cent.    In  the  weathering  test  all 
were  exposed  197  days;  condition,  B. 

Renfrow  briquets  made  at  149^  F.,  average  weight  0.47  pound,  with  6  per  cent  pitch, 
showed  evidences  of  shortage  in  binder;  surfaces  crumbled  and  fracture  not  clean. 
Seven  per  cent  binder  made  hard,  firm  surfaces;  broke  without  crumbling,  and  BU^ 
faces  and  edges  were  firm.  In  the  weathering  test  the  6  per  cent  binder  briquets  irere 
exposed  201  days  and  those  with  7  per  cent  200  days;  condition  of  both,  B. 

Extraction  analyses. 


Pitch. 


Laboratory  No 3410 

Air-drjrlnff  loss percont. 

Extracted  by  CSi: 

Air-drlcd : do.... 

As  n?ceived do 79.98 

Pitch  in  briquets,  as  received do. . .-. 


Fod. 


3211 
1.73 


1.37 
1.35 


Briqarti, 
tMtlSL 


0.» 

iff 
4.7i 
4.8 


AIiABAMA  NO.  3. 

Bituminous  coal  from  Gamsey,  Bibb  County,  on  the  Louisville  and 
Nashville  Railroad,  was  de^^ignated  Alabama  No.  3.'  The  coal  as 
worked  at  a  depth  of  700  feet  at  this  place  averages  5  feet  6  inches  in 
tliickness. 

Run-of-mine  coal  shipped  under  the  supervision  of  John  W.  Groves 
was  used  in  making  steaming  te^ts  390  and  394;  washing  test  161; 
coking  tests  138  (raw)  and  130  (washed);  and  cupola  tests  101,  108, 
and  132. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3018 
wjis  taken  2,700  feet  south  of  the  slope,  where  the  coal  measured  5 
feet  in  thickness.  Samy)le  3019  was  taken  2,500  feet  southwest  of  the 
slope,  where  the  coal  measured  o  feet  8  inches  in  thickness. 

CHEMICAL  ANALYSES. 

Alabama  Xo.  3, 


Mino  8uinplcfl.      i 


Car  sam- 
ple. 


steaming  tests.* 


390. 


3M. 


Labonitory  No 

Air-<lryiiig  loss 

rr<)xiiiiat4': 

M(»isturo 

Volatilf  iiuittor 

Fix«Ml  oarlMin 

Ash 

Sulphur 

iritiiniilc: 

Hydrogin 

Carbon 

Nitrogen 

OxvgiMi 

Ash 

Sulphur 

Caloriflo  value  fas  nn'oived): 


3018 
l.<iO 

3.03 
30.94 
.V).  31 
10.  72 


I)<»terniinc«l 

Calculated  from  ultimate  analysis. 


/calories.. 
iB.  t.  u... 
ilories.. 


/calories 
•\n.  t.  u. 


7.241 
13.(tt4 


3019  i 
1.90  I 

3.25 
30.43 
54.16 
12.16 
.53 


3255 
1.20 

2.72 

29.46 

53.46 

14.36  , 

.55  I 


4.55 

60.99 

1.14 

9.41 


6.923 
12,461 

6.829 
12.292 


2.93 

2.^ 

28.03 

29.5^ 

48.25 

49.1- 

20.79  1 

IH.^ 

.55  ' 

.5t 

4.03  I 

«i.28  I 
1.08  1 
6.<i2  I 

21.  42  I 
.67 


a  Proximato  analysis  of  fuel  as  HriMl ;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 


1^£BT6 — ALABAMA. 
STEAJONQ  TEBT8, 


SI 


I; 

nch-, _., ..., *,.,,» ,..,.i»roBiit. 

0  1  fcnch^.,.^^,*  ,^., ^.^ ^ . ... -do. ., 

a  i  Uidi _ , ..„. „,„„..,.,.,..,.....do. .. 

1  inch.,  ..^^,t .,^^.^^ ..^^^. , ^ . «. ,,,.do, ,. 

riietft ,.,*,.„,*,.*,.*,..„.,* ..,«,,,*,.»,,....,,...... h(>ui». 

tueof  t'lml^ B.  t.  II.  perpntmd  diy  eo&l. 

ttdck  dampBr, .,,,...,,......,  ,.,„...,.., .„ .- Iiuta  wfttor. 

111!., -. „.*,. , ..,-...* .,.,,..,., ,^. ..do... 

npemtuiD.,.. ....^..^...^..... ._.,-,.,.*T,„ 

ed  per  »ini»nj  fool  ol  giato  suTfwe  pw  hour, , ,....,..  —  * .  -  .poondB. 
water  evapctratod  ptsr  eqiutro  foot  of  wateT-bjetttLngsui1«dae  per  lurar^ 

of  EKted  horBopower  of  bollor  developed , „ , .  ^ « ,^  ^  „ .  ^ . ,  „ , , 

u«i]t]y  eviiponted  per  pound  of  a^  an  fii^  ........*. poimd». 

N^mted  tram  and  at  2l#F: 

isd  of  ccial  ft«fl»d, ...,„„, ,„., „„„.,.,,.,  — .,..d0... 

ndo^f  dr^coal.,^ ^...^.^.. ^.. . .....»,do«.. 

*a.  of  ffombcwtXble. ,„.„..,_,.,.,,.„,..,„*,*....,..-_*„. do... 

ftwiter,  intruding  grate ....,.*,„pOTOW|t. 

loatBd  boffttjpuwuT  hour^ , ..,.,. potoida. 

ftiical  borwipowwr  hour _.*„....  _,..,.....^, ,._.....Al.-. 

Icat^hor^pQwor  hour. ..,,,,..«...,, ...do..., 

«£zical  honepowflr^ *«..,^.,..,do..«. 


l>Ht3D0. 

TVwtaoc 

10.  e 

13.7 

IS.  (J 

U.9 

10.4 

i&O 

42.1 

4fi.O 

10.0 

lao 

ll.WO 

am 

0.&II 

«.(» 

.18 

.21 

2.0« 

3.100 

20.(0 

21.04 

3.31 

^1.38 

oa.7 

Oi* 

a.w 

0.70 

T.n 

7.  S3 

&w 

aos 

10.« 

10,31 

55.44 

fiS.W 

3.64 

3.6a 

4.40 

4.47 

3,54 

aei 

4,a^ 

434 

WASHIKO  AND  COKINO  TESTS. 
Alabama  No.  3  (run  of  mine). 

g  test  161.— ^he  as  used,  crushed  to  2  inches.    Jig  used,  Stewart.    Raw 
OO  pounds;  washed,  16,500  pounds;  refuse,  1,500  pounds. 

Coking  tests. 


1 

f  test hours.. 

Hi pounds. . 

««• {percent;: 


luce.1 \P^r± 


\per  cent 
do.. 


Test  138 

Test  130 

(raw). 

(washed). 

f.c. 

f.c. 

54 

44 

12. 180 

11,660 

7,802 

7,072 

G4.0ti 

60.65 

489 

258 

4.01 

2.21 

G8.07 

62.86 

•«.— -Test  138:  Good,  hard,  heavy  coke  witli  exception  of  J-inch  black  butts, 
ould  be  easily  removed.     Ash  should  be  very  much  lowered  by  washing. 
Good,  strong,  hard,  heavy  coke;    iiyh  reduced,  and  much  better  coke  than 
charge;  black  butts  removed . 


Ajmh/sc.^. 


Washing  tost  If.l.   I     Coking  test  138. 


Raw  coal 
I     (niine 
!  sample,!. 


3. 03 

itt«r 30.94 

on 5;").  31 

10.71  I 

I  .49 


coal. 


10.01 
.58 


Coal. 


2.77 
28.99 
53.14 
15.10 
.62 


St  138. 

Coking  test  139. 

Coke. 

Coal. 

Coke. 

2.03 

0.36 

0.09 

1.80 

30.54 

1.06 

74.89 

53.10 

83.51 

21.28 

10.00 

14.44 

.60 

.62 

\ 
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Cupola  tests  of  coke  made  from  Alabama  No.  S  coal. 


CHARGE. 


Cupola 
test 
No. 


Coke. 


Teat 
No. 


101  \  139  (w.) 

108  I  139(w.) 

i 


Phos- 
phorus. 


Perct. 

}0.0057  i 


Ratio 

iron 

to 

coke. 


I 


1.91 


.0008         1.99 
.0008  I      1.99 


Flu- 
idity 
strip 
full. 


Perct. 
97.22 

99.9 

94.44 


Materials. 


Divisions  of  chai^ge. 


Lbs. 

Coke 210 

Pig  iron 630 

Scrap 210 

Coke 210 

Pig  iron 630 

Scrap :  210 

Coke 210 

Pig  iron ;  630 

Scrap 210 


Lbs. 

55 
405 
135 

55 
405 
135 

55 
405 
135 


3. 

4. 

Lbs. 

Lbs. 

55 

65  ' 

405  : 

405 

135 

135 

55 

55 

405 

405 

135 

135 

55 

55 

405 

405 

135 

135 

RECORD  OF  MELT. 


Cupola 
test 
No. 


Blast  pressure. 


Onat— 


132 
101 
108 


2. 49  p.  m. 
11.17  a.m. 
3. 39  p.  m. 


Maxi- 
mum. 


Oz. 


h 


Iron 
run- 
ning 
in— 


Min. 
12 

10  I 

5  I 


Weight  of  iron. 


Addi-  , 
Poured,  tional  i  Total. 
I  melted. 


Lbs.  Lbs.  !  Lbs. 

740  214  i      954 

1.005  305  I  2.000 

1,822  213  ;  2,035 


Melting. 


Tlm^. 


mn. 

26 
35 
33 


Rate 

Ratio 

per 

iron  to 

hour. 

coke. 

Lbs. 

2,201 

3.21 

3.429 

5.63 

3,700 

6.15 

Loss. 


Perct. 
4.46 
6.43 
6.36 


LADLE  RECORD. 


Ladlo 
No. 


1 1 

2 1 

3 i 

4 

5 

6 , 

H 

9 

10 

11 

I      Tost  132.  Tost  101.  Test  108. 

>'*-^-   (p.m.).  ^^'*^-    (u.m.)./'''«-   (p.m.). 


92  I     3.10 


I     100 
r»l 


70 
34 

34 
64 
2 


I 


.3.  lOi 

3.11 

3.13 

.3.  16  ' 
:il6Jl 
3.  18  I 
.•i.19 
3.23 
.3. 2,3i 


— 

77 

11.32 

ia3 

91 

11.36 

119 

<;7 

11..36i 

51 

72 

11.43 

6.) 

72 

u.m 

116 

70 

11.44 

102 

62 

11.47 

110 

7() 

11.47.J 

86 

73 

11.48 

107 

91 

11.49 

91 

74 

11.49.» 

106 

-l 


Test  132.    I     Test  101. 


Ladlo 
No. 


12.. 


,  K„      Time  I  ,  k„ 
,  L^«-   (p.m.^.' ^^«- 


64       3.27 


T 


Time 
(a.m.) 


11.50 

11.53 

11. 53) 

n.54 

11.56 

U.56i 

n.57 

1L60 

11.59i 

12.00 

12.02 


Remarks. — Test  101:  Iron  hot.     Teat  108:     Iron  hot;  slag  filled  up  tuy< 
twentieth  ladle  and  bottom  had  to  l)e  dropped. 


AT^ABAMA  :N^0.  4. 

Bituminous  coal  from  Cane  Creek,  3  miles  north  of  Belle 
Bibb  County,  on  the  Louisville  and  Nashville  Railroad,  wa: 
nated  Alabama  No.  4.  The  coal  as  worked  at  a  depth  of  1 
at  this  place  averages  2  feet  1 1  inches  in  thickness. 

The  sample  consisted  of  run-of-mine  coal,  inspected  by  J( 
Groves,  and  was  used  in  making  steaming  tests  375,  376,  31 
and  413   (on  briquets);    producer-gas  test   109;    washing  te 
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coking  tests  ini  (raw)  and  136  ^v(kshed);  cupola  tests  103,  10^,  124 
and  133;  and  brif]upttmg  test  123. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
^34  vras  taken  900  feet  northeast  of  the  slope,  where  the  coal 
measured  2  feet  10  inches  in  tluckness.  Sample  3035  was  taken 
1,500  feet  northeast  of  the  slope,  where  the  coal  measured  2  feet  11 
iDchi*s  in  thickness. 

CHEKIGAL  ANALYSES. 

Alabama  No.  4. 


Mlna  munpUM. 

Bteiuiiingt«i««.a 

375. 

378- 

377, 

37a 

412, 

Ub«ti«oiT  !!<»         ,**  .  ,..  ..,*    . 

a0S4 

2.60 

a.  14 

L22 

303* 

3108 

2.40 
L50 

3109 
A.  SO 

a« 

28L5tJ 

12.92 
[.OS 

a.33 

LIS 

ms3 

1 

4ir4^tdek™„....... 

^ 

,    '  *  *  _ 

MMHTiTP .,... 

ViilatUematttr-. ,,.„,_,, 

4  01 
;w.27 

10. 4« 
7fklfl 

i.ao 

in.  92 

4^4 

2a  17 

^.70 

14  2» 

L22 

47S 
7Z67 

1.24 

S.04 
ia02 

L3S 

S,09 
2A.tM 
4tKlS 

17.  aa 

1.06 
454 

\.m 

4g3 

i&tr? 

Lll 

'      fii37 
28.72 
fi2.7S 
13,33 

4S3 

73,90 
1.27 
413 

13.97 
.90 

2,46 
32.27 

FliM  cittrbott-,.,,,^-,---.- -* 

m.B5 

Asfc .,_.__...„_„ 

8.72 

^iu^bur .-■ 

Qydngni >.. ,„, 

LIS 
472 

Ctrb<Bj*. ,...,—.- 

70.  B6 

Kltrcieeii                *.-_.«     **.,,  *^ 

1.32 

oj^Bm         :::::::: 

- 

.. 

H.«5 

jtifi"^ 

^9i 

Sulphur      ....    ..     ......... 

L21 

w"™"^ {bT^::. 

14.39B 

la.awi 

6.062 

i3,ai 

. 

'"' 

mA^aaaiy^ IB.  t.  u.„ 

*■■  '■**i 

'**"*"* 

'"'V''^' 

I 

STEAMING  TESTS. 
Alabama  No.  4  (run  of  mine). 


Steasused: 

Over  1  inch per  cent. 

\ inch  to  1  inch do. . 

} inch  to  i  Inch do. . . 

Under  \ inch do. . . 

Dnration  of  test hours. 

Heatfaff  value  of  fuel B,  t.  u.  per  pound  dr>'  fuel . 

force  of  draft: 

Under  stack  damper inch  water. 

Above  lire do. . . 

{"umace  temperature °  F . 

I^ry  fuel  used  per  square  foot  of  grate  surfjice  per 

hour poun<ls ...         JO.  04 

P'<liiivalcnt  water  evaporated  per  square  foot  of 

»ater-he»4ting  surface  per  hour pounds  :i.  si 

f'prcentage  of  rated  horsepower  of  boiler  developed. .         lt)ti.  9 
\Vater  apparently  evaporated  per  pound  of  fuel  jis 

fired pounds  .  7.  'M 

^\  Iter  evaporated  from  and  at  212°  F: 

Per  pound  of  fuel  as  fired do s.  75 

Per  pound  of  dr>'  fuel do '.).  12 

Per  pound  of  combustible do  —         10.  m 

Effici«icy  of  boiler,  including gnite per  ceft t .  <>4.  42 

fueiaa  fired: 

Per  indicated  horsepower  hour pounds .  3. 23 

Per  electrical  horsepower  hour do  —  3. 99 

Dry  fuel:  1 

Per  indicated  horsepower  hour do —  3. 10 

Per  electrical  horsepower  hour do — '         3. 83 


Test  375. 

Test  376. 

Te 

17.1 

IS.  1 

20.2 

18.0 

22.  1 

17.3  , 

40.  t) 

46.  6  1 

10.  17 

9.77 

13,671 

13,041 

0.  (A 

0.55 

.20 

.19 

2.  4<11 

(b) 

7.1 

17.1 

12.4 

19.5 

16.8 

25.2  , 

63.7 

38.2 

10.00 

8.03 

12,447 

13,244 

0.63 

0.60 

.22 

.18 

2.97 
8.3.2 

0.88 

8.14 
8.35 
10.46  I 
6.3.31 

3.47 
429 

3.31 

408  I 


3.10 
S7.0  j 

6.73  ' 

7.95 
8.43 
10.81 
65.40 

3.66 
4  39 

3.35 
4  14 


See  p.  56. 

9.07 
13,932 

0.66 

.10 

2,430 

21.11 


2.76 

77.4 

3.90 
109.6 

7.04 

7.75 

8.24 
8.60 
10.46 
63.  .36 

9.02 
9.26 
10.29 
64  12 

3.43 
4  24 

3.14 
3.87 

3.25 
402 

3.06 
3.77 

•  ProximAte  analysis  of  fuel  as  fired;  ultimate  analvsis  of  dry  fuel  figured  from  car  sample. 
»  One-half  of  observations  too  low  to  be  rend  with  Wanner  pyrometer. 
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Remarks. — ^Test  413  on  briquets:  The  briquets  burned  freely,  with  long  flame,  co 
well,  and  held  together  well  until  entirely  consumed.  The  English  briquets  f 
nearly  all  fired  whole.  Clinker  was  dark  and  heavy;  plastic  when  hot,  and  bri 
when  cold ;  contained  a  laige  amount  of  slag,  but  did  not  stick  to  the  grate.  Si 
quantity  of  ash. 

PBODUCEB-OAS  TEST. 

Alabama  No.  4  (run  of  mine). 

Test  109. — Duration  of  test,  24  hours;  average  electrical  horsepower,  195.0;  a 
age  B.  t.  u.  per  cubic  foot  of  gas,  152.0;  total  coal  fired,  5,850  pounds. 


Coal  consumed  in  producer  per  horsepower  hour  (pounds). 

PereUwtrical  horsepower: 

Commerciallv  available 

Developed  at  switch  board 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


Equicalent  used  by  producer  plant  {pounds). 


Per  electrical  horsepow^er: 

Commercially  available 

Developed  at  switch  board. 
Per  brake  horsepower: 

(Commercially  available 

Developed  at  engine 


I  As  fired.  I     Dry 


1.33  ' 
1.25 


1.13 
1.06  I 


1.45  I 
1.36  I 


1.23  I 
1.16 


'Con 
,    Ul 


1.29' 
1.21 


1.09 
1.03 


1.40 
1.32 


Annliises. 


Coal. 


Moisture 

.     3. 0.) 

Volatile  in:M  n-i 

Klxe<l  crtrhoii 

29.  r):i 

54  7S 

Ash 

Sulphur 

12.64 

1.15 

Oas  by  volume. 


Carbon  dioxide  (COi) . . 
Carbon  monoxide  ((?0) 

Hydrogen  (Hj) 

Methane  (CHo 

Nitrogen  ^Ni^ 

Ethyleoie  (CjH^) 


WASHING  AND  COKING  TESTS. 

Alabama  No.  4  (nin  of  mine) 

Wn!<h\ng  trftt  150. — Size  as    used,  rniJ?ho(l  to  2  inches;   jig  used,  Stewart, 
coal,  17.000  pounds;  washed,  14.470  poumls:  rofuso.  2,530  pounds. 


Coknuj  tcst.'i. 


Size  as  usc^ 

Duration  of  test hours. . 

Coal  chi\  rgod pounds. . 

C<,k<.pro,inco<l |jM.r^i:: 

B««zc,>r<Kluecd .^. fej^'t:! 

Total  >iold ' do 


Test  131     Tes 
(raw),      (was 


f.c. 
47 
12,000 
7.706 
64.22 
281  I 
2.34  , 
6&50  I 


Remarks. — Test  131:  Good,  stnmg  coke,  light-^ay  and  silvery  color;  ash  and 
phiir  high;  might  ho  improved  by  washing.  (Compare  test  136.)  Test  136:  C 
strong  (!oke;  light-gray  and  silvery  color:  breakage.  g(x>d  uniform  size;  ash  and 
phur  reduced  very  materially  by  washing. 


TEST& — ALABAMA* 
Analyses  ^ 
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Wn^mm  umt  is».     cokitiff  tttst  ni. 


EawcoaL  ^^^***  I     Co«L         Coke. 


1X93 


«.83 


1.03 


417 

ao.a? 

54.50 
lO.Qti 
1.18 


0.39 
.54 

l£i«6 
U0£ 


Coking  t«at  13Q. 


Cool. 


7.2S 
30.40 
AS.  38 

100 


Co)£B. 


0.3A 

.42 

92.9Q 

a  24 

.S7 


Cupola  tesiM  of  tckt  made/rvm.  Alabama  No.  4  coaL 


Ooke. 


d 


019& 


IM 
,      Iti 

miw4\  ^oos 


QpeeUkr 


J.8i 

LftS 


trotDtQ 
inoke. 


Fluid' 
Ity 

n^iL 


80. 5S 
7  W.« 
7  '    g&ftl 


lf«t«lliibi< 


f&jke 

Pig  iron. 

Scmp 

Cokfl 

ng  Iron . 
Scmp.     . 

Ckike. 

mg  Jrou . 

IScrap 

Cok*" 

'  IMg  irtjn  . 
ScF.ip  — 


DividoDs  oj  chftisc 

, 

1, 

2. 

3. 

4. 

5. 

iufaff. 

Xfrff. 

Lb*. 

i^. 

i6#. 

30} 

58 

58 

£7 

57 

eoo 

413 

413 

412 

im 

2CI0 

138 

13S 

W 

137 

230 

53 

^ 

52 

S2 

eeo 

398 

308 

3fi? 

397 

'm 

133 

1^ 

132 

133 

IQO 

BO 

00 

m 

00 

£70 

420 

420 

430 

130 

190 

140 

140 

140 

140 

200 

S» 

m 

fi7 

fi7 

GOO 

413 

413 

A12 

412 

200 

13S 

L3i 

137 

137 

TotmJ, 


430 

S.250 

750 

430 

2,2A0 

760 

430 

.2h250 

7» 

430 

2,250 

7W 


l_ 

HBCOED  OF  MEL 

i 

ElASt  pt«MIlTO. 

Iron 

n!n« 

in- 

W«l^loflfoa. 

EccopuTCiL 

OB»tr- 

Maxi- 
mum. 

Pour^ 
cd. 

Addi- 
melted. 

Tdtttl. 

LtM. 

1.910 
1J3D 

Tlmtv 

Rate 

hour. 

E&tlo 

Irtwi 

to 

oi^ka. 

LoM. 

Iron. 

C<ik« 

m 

J, 

7 
7 
7 
7 

Min. 

U 
10 
7 
8 

L5f. 
1,451 
1.308 

l,ti£Q 

JMw. 
217 

15;$ 
171 

JTln. 
33 
27 
27 

3,  OSS 
4,3*4 

fi^fiia 

4,300 

A.4tf 

S.7fl 

6.96 

Petit. 

4.90 
10.06 

e.io 

5.78 

1,185 
770 
SS4 

m 

120 
72 

LADLE  RECORD. 
Test  124. 


UdieNo. 


Pounds. 


Time 

(a.  111.). 


1.. 

2.. 

3. 

66 

8.35 

91 

10.19 

95 

8.38 

34 

10.19i 

75 

8.41 

90   ; 

10.26 

5.';;;; ;;;;;; ;; ;;;;;; 

36 

8.42 

lit 

I0.2GJ 

96 

8.43 

.S3 

10.27 

61 

8.45 

m 

10. :» 

101 

8.45i 

8.51 

8.51i 

•JO 

10  "il 

h..     

70 
88 

92 
57 

10  [V 

9...       

10.3.3 

10....       

99 

8.52' 

m 

10.33i 

11... 

94 
97 

8.56 
8.56i 
8.57 
8.50 
8./»i 

90 
(>4 

10  34 

12...             

10.34J 
10  35 

a...      

90 
104 
96 

53 
SO 
.5.3 

*.. 

10.37 

5... 

10.37i 

J 

88 
95 

9.00 
9.03 

W 

m 

10.. 38 

10.38i 

72 
(31 

10.40 

10.41 

1 

i 

Test  109. 

Test  133. 

Poimd.s. 

Time 

(a.m.). 

Pounds. 

Time 
(a.  m.). 

54 

10.41 

51 

11.07 

112 

10.45 

84 

11.10 

125 

10.45i 

94 

11.11 

102 

10.40 

69 

11.13 

112 

10.47 

82 

11.15 

110 

10.47i 

105 

11.15i 

09 

10.48 

80 

11.16 

108 

lO.Sli 

72 

ll.l8i 

114 

10.52 

U6 

11.19 

92 

10.52i 

92 

ll.lOi 

113 

10.53 

83 

11.20 

104 

10.55 

107 

11.22 

105 

10.55i 

102 

11.22J 

108 

10.56 

80 

11.23 

100 

10.56J 

106 

11.23i 

97 

10.57 

68 

11.24 

118 

10.57i 

101 

11.26 

110 

10.58 

104 

11.27 

80 

10.59 

77 

11.27J 

110 

11.02 

84 

11.28 

96 

11.03 

S2 

11.29 

80 

11.03^ 

103 

11.32 

109 

11.04 

40 

11.33 

56 


BEPOBT  TJ.   S.   FUEL-TESTING  PLANT,  1906-7. 


Remarks. — Test  103:  Temperature  of  iron,  medium. 
109:  Iron  very  hot  and  fluid. 

BBiaXJETTINGl^  TEST. 


Test  124:  Iron  sluggish.    T^^t 


Alabama  No.  4  (run  of  mine). 

Test  12S. — Size  as  used:  Over  i  inch,  1.2  per  cent;  -^  inch  to  \  inch,  4.5  per  ceixt^; 
^  inch  to  -^  inch,  14  per  cent;  ^  inch  to  ^  inch,  23.5  per  cent;  through  ^  inch,  56 -S 
per  cent.  Kind  of  binder,  water-gas  pitch;  laboratory  No.  3410  (see  p.  40).  Weigti* 
of  fuel  briquetted,  15,200  pounds.  B.  t.  u.  per  pound  of  coal  as  received,  12,395;  per 
pound  of  briquets  as  fired,  13,590;  per  pound  of  binder,  16,478.  For  analyses  of 
briquets  see  page  53  (steaming  test  413). 

English  briquets  made  at  179.6°  F.,  3.37  pounds  average  weight,  with  5.5  per  cent 
binder,  had  edges  that  crumbled  slightly,  but  surfaces  were  firm;  fracture  slightly 
crumbly.  With  6,  6.5,  and  7  per  cent  binder  the  outer  surfaces  were  smooth  and 
hard,  fracture  clean,  and  broken  surfaces  rough  but  very  firm.  In  the  drop  test 
with  6  per  cent  binder  the  1-inch  screen  held  83.3  per  cent  and  passed  16.7  per  cent- 
In  the  weathering  test  briquets  of  all  binders  were  exposed  214  days;  condition  B. 

Renfrow  briquets  made  at  149°  F.,  0.43  pound  average  weight,  with  6  and  6.5  per 
cent  binder,  were  crumbly  and  broke  easily;  broken  surfaces  crumbly.  With  7  and 
7.5  per  cent  binder  tough  briquets  resulted,  with  hard  and  smooth  outer  surfaces; 
broke  with  clean  fracture.  In  the  weathering  test  all  binders  were  exj)osed  214  days; 
condition  for  the  7.5  per  cent  binder,  B,  for  the  others,  C. 


Extraction  analyses. 


Pitch. 


Laboratory  No j 

Alr-drylng  loss I)er  cent.  J 

Extracted  by  CS«: 

Air-dried do. . . 

As  received do. . . 

Pitch  in  briquets,  as  receive<l do . . . 


3410 


78.98 


Fuel. 


Briqueta, 
test  123. 


3103 
5.50 


.46 


aw 

4.90 
4.86 
5.57 


AliABAMA  NO.  6. 


Bituminous  coal  from  the  Black  Creek  bed  at  Lehigh,  Blount 
County,  on  the  Louisville  and  Nashville  Railroad,  was  designated 
Alabama  No.  5.  The  coal,  as  worked  from  the  outcrop  of  this  place, 
averages  2  feet  8  inches  in  thickness. 

One  sample,  shipped  under  the  supervision  of  John  W.  Groves, 
consisted  of  nm-of-mine  coal  and  was  used  in  steaming  tests  478 
and  480,  washing  test  195,  and  coking  test  171. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  4090 
was  taken  2,000  feet  south  of  the  opening,  where  the  coal  measured 
3  feet  in  thickness.  Sample  4091  was  taken  2,100  feet  south  of  the 
opening,  where  the  coal  measured  2  feet  4^  inches  in  thickness. 


TESTS — ALABAMA. 


67 


CWTCMTCAL  AHALTSE8. 

Alabama  No.  5. 


hbormtorr  No..... 

'      llOliTtUIV .,„. 

flied  CAfbon . . , . 


Ckdnhttr , 


QhriwD 


{PUMlfic  Tslne  d^termliiad  (ai  raoQlved).{^^^^- 


llfaw  «Liiipk!«. 


3.00 
1.73 

1. 14 

M 


i.oa 

20.06 
55. 2S 
2.73 

.as 


pie. 


Stetonttng  teits^* 


4.« 

l.«) 

4.70 

1.27 
$.02 


e$.i6 


im. 


£.51 
21.15 
50.41 
10. f» 

4. OS 
L27 

3,ai 


4gD. 


5. 70 

JS3.14 
17,71 

1.17 

4.22 

e«.94 
i.ai 

IS.  IS 
I.Kt 


•  Fmxinmlc  ajialjits  cd  taeX  a^  0n>rl;  dZttniat«  auulyslei  of  drr  fuel  fl^T&d  fmm  c^tf  sunple. 

BTEAmSQ  TESTS. 

Alabama  No«  5  (run  of  mme). 


fiMOaed: 


Onirl  ioch,, *,.-..,...., ...-.  —  „,„„.,..., ^......pef  OBtii. 

liBBii  to  1  inch..... -.-..... .,..,. „.....,,.,.,*,, .do.., 

fmiltolllicli........ .      .... do._. 

UlMlU-iflM^... _,,, ,.„..._„. (li).„ 

^^AiK^»  dUniet«r,,,..,.„... .., , ...._. ... .toitli. 

gBlSloiitif  !««..........,..-*,*...**....,,,.,,.......,. .,„,.„„*,.... lioBr*. 

BiTtM  Tuliae  of  «Qia....i«.....^.. .......... ..B.t.  u.  perpounii  of  dry  coal. 

{      IMar  fltACk  dniaper ..,. „ ,„...... tooih  water. 

Above  Are.. ......,.......,..„„„,_, , ,„...,..,., do„. 

^In  ub  pU  (foiY*c^  ilra.fl) . do... 

I  mj  coil  used  p^r  ftqurtfti  foot  oC  grate  surfooc  per  hour pounds. 

'  l^iinyrtit  water  evaporated  per  sqii^i^  foc?t  of  vrater-bEAting  surface 

J^bioqr. , do, . . 

^•mtags  of  rated  horsepower  of  boll^f  dpvclopcfJ , ,  -- .-. . 

Jiter  appufentlj  uvap(yrati*d  pnr  pound  o£-ooal  jl!  Ikred. .............. .  .pounds. 

*itm<T»porBte>d  from  and  at  212*  F.: 

tVrpatind  of  ooaI  as  ftped,,.. ., _............ do... 

Ftrpoaad  of  dry  coal........ ,._, .,,,.„. .,..^_^,,  ....... do... 

Ba'pciund  of  comhuottbltt , ,..,,.. ,,,..,.,.. -do. * ♦ 

ItHgKj  of  Iroller.  Includhig  gntc pet  eatit. 

^r  indinited  horsepower  hour. ........ ^ . . . . . .  ^ . .... ..... .  .pounds. 

^   hr  ^e^trical  bornepower  hour, , ,..,,..,... „— ,  - ._  .do. . . 

f^kdfdat«d  honwpowier  hour. _ , ,. . , do.. . 

^rtlntTlcal  bonepower hour do... 


TenllTB. 


4-8 
13.8 

Gl.O 
"0,3S 

11,0X1 


.19 


2,W1 

t9.m 

G.Og 
7.33 
1Q.34 

m.m 

4.76 

3.04 
4,50 


Test  480. 


4.1 
15.3 
22? 
57.9 

I*.  67 
ii,335 

.09 
,25 


22.se 

3.73 
104.  fl 
t^.4a 

7.70 
S.17 
10.65 

3.«T 
4.  £3 

3.4e 

4.37 


WASHING  TEST,. 

Alabama  No.  5  f  run  nf  mino.  i 

Tetf  t$6  {prdiminarif  fitxit  und  mnk  test^  on  raw  toal^). 


DMwdatiilLtMt 
No. 


used. 


I }inch.. 

\ ....do.. 

t i....do.. 

....do.. 


Speciiie 

gnavUy 

nf 

I  solution  I 

used. 


1.3.'i 
1.40 
1.45 
1.52 


Flodt 

cent ) . 


Shik 
{por 

cent). 

Aflh. 

Bulphur- 

Percent. 

Per  cent 
reduc- 
tion. 

Percent. 

Per  cent 
reduc- 
tion. 

19 
15 
13 
13 

2.18 
2.63 
2.66 
3.19 

86 
84 
84 
80 

0.81 

.98 

1.06 

1.13 

42 
30 
25 
19 

a  Not  enough  coal  for  other  tests. 
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BBPOET  U.  8.   FUEL-TESTING  PLANT,  190e-7, 


COKINO  TEST. 

Alabama  No.  5  (run  of  mine). 

Test  171. — Size  as  used,  raw,  finely  cruflhed.  Duration  of  test,  42  hours;  coaJ 
chaiig;ed,  12,110  pounds;  coke  produced,  7,950  pounds,  65.65  per  cent;  breeze  pro- 
duced, 390  pounds,  3.22  per  cent;  total  yield,  68.87  per  cent.  Good  coke,  light  gray 
and  silvery.     Ash  high;  washing  would  improve,  reducing  both  ash  and  sulphur. 


Analyses. 


Coal. 

Moisture I  3.96 

Volatile  matter 26. 65  ' 

Fixed  carbon 56. 92 

Ash 12.65 

Sulphur 1. 44  I 


Coke. 


81.10 
17.42 

Lie 


AliABAMA  NO.  6. 

Bituminous  coal  from  the  Pratt  bed  at  Dolomite,  Jefferson  County, 
was  designated  Alabama  No.  6.  This  coal,  as  worked  from  the  out- 
(wop  at  this  place,  averages  4  feet  8  inches  in  thickness. 

This  sample  consisted  of  run-of-mine  coal  shipped  under  the  super- 
vison  of  K.  M.  Way,  and  was  used  in  steaming  test  484,  producer-gas 
test  155,  washing  t-est  192,  and  coking  tests  172  and  174  (washed). 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  4292 
was  taken  2  miles  southeast  of  the  opening,  where  the  coal  measured 
4  feet  8J  inches  in  thickness.  Sample  4203  was  taken  2  miles  east  of 
the  opening,  where  the  coal  measured  4  feet  8}  inches  in  thickness. 

CHEMICAL  ANALYSES. 

Alabama  No.  6. 


laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Voiatilt'  matter. 

Fixed  carbon... 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon. 

Nitrogen 


Oxygim. 

Ash 

Sulphur . 


Mine  samples. 


4292 
2.30  I 

3.23 
2ti.97  , 
r.5.97 

3.83 
.57 


4293 
2.20 

2.81 

2().52     : 

07. 16  ■ 
3.51 
.59  , 


Car  samples. 


4338 
2.40 

3.23 
26.16 
63.90 

6.71 
.61 

4.00 

78.33 

1.42 

7.94 


Calorific  value  determined  (as  received) .  |^^°"^ 


81.35  I 
146.43  ■ 


78.19 
140.74 


4353 
2.80 

3.56 
26.24 
63.25 

0.95 
.58 


Steaming 
test  484.0 


2.86 
25.80 
63.98 

7.36 
.57 

4.76 

80.42 

1.46 

5.19 

.50 


a  Proximate  aruilysis  of  fuel  as  tlre<l;  ultimate  analysis  of  dry  fuel  figured  from  car  aample. 


't^^~^<*3PT  •' 


TESTS ALABAMA. 

STEAMUfQ  T18T> 
Alatiama  No.  B  (run  of  mine). 


l^«t«l 

Il  ,      ,  .,,,, ,,,    ,  . 

TMrCBIl^ 

33.9 

Llmii.--..,-.^.— .«^, -. 

.,,,^HH,-..,.,*,*»^      H,*.,*.*»-^*»,*^.-    ♦  *  do 

3i>3 

ilQtill 

..„.. do.... 

17,  A 

«£!..,;./;,;.„—,-.„»:- 

,„„.„ .,.,.-........-...-..,, ...do,,, - 

'    a&.3 

Iteiftntflir , ., 

-**...      -*    .                ..                                 i                tlM^ 

-7i 

(Ht „,.„,„,., 

,,,,*,^,,,  4.^^^^..*^-,  ^,..*..      ...     .         lioniB 

9.  SI 

^Of  CtOfti..^ ^,,.^._ 

B*  %.u*  per  poimd  dry  ooai.. 

14,447 

£kdftiiip«r ..,, Inch  water.. 

!..-. ...-..,„,..„_„,.,.,,„,,.,.,*.. ,..,,„„...*,,,.,..do._. 

perKtUfli^  fooft  of  gniit^?  wtrfa**  per  hoqr. . , ^.,... potands.  j 

Mf r  evAporatrtl  per  ^qMarf"  ff*i\t  of  wateT'^liMttiig  mrboQ  per  bmir. , . . .  .do. . . . • 

ral>r<r1  hori?*^!'"''^^^  ^^  ^ '^ ^^l^'""  '1i ' v^k^pird , , . , ! 

intly  rvftporsitefi  jwr  i  juund  j  if  ttiai  ila  fLned ,.,..,.,. p...^....  .  .pocmdi. . 

mtM  Irom  and  at  21^  ¥,t 

1  of  {foiU  111  IVred, .,.*...*.,. *.......*..„..**..* *, ,,,,.. ..do.... 

1  of  firv  cofli.....  .  ...*,. ..^ ,.. ,,,,_,»*.,_. do,,,, 

1  of  cotiibtuttiW*., -...,,,*,....**,*.,..  **,,*.,.*,  —  .- ^. .do.... 

xuJica-..  iscluding^ro^- <■>.---• .., ,..,,, per oeni,. 


ited  borwpowor hoar.,..,..,.,..,, ,      , 


Jai  iMrs^po^KT  hour. 
inl  baVflepownr  hour. . 


.do. 
.do. 


.U 

30.23 

4,00 

lilt 

ft.  93 


FRODUCEB-OAS  TEST. 

Alabama  No.  6  (run  of  mine). 

—Duration  of  test,  50  hours.     Average  electrical  horsepower,  198.6,  aver- 
per  cubic  foot  of  gas,  143.7,  total  coal  fired,  9,000  pounds. 


Coal  as 
fired. 


omumed  in  producer  per  horsepower  hour  (pounds). 

horsepower: 

Ally  available 

I  at  switchboard 

•Bepower: 

ally  available 

1  at  engine 


Equivalent  used  by  producer  plant  (pounds  \ . 

horaepower: 

ally  available 

1  at  switchboard 

•sejpower: 

ally  available 

I  at  engine 


0.94  I 
.91 


1.02  I 
.99  , 


.87 
.84  I 


Dry  coal. 


.78 
.75 


1.00 
.97 


.85 
.82 


Combua- 
tlble. 


0.85 
.83 


.72 
.70 


.90 


.79 
.76 


Ai}n(ijsni. 


Coal. 


2.44 

er 25. 9<) 

(>4.  70 

(».  90 

59 


Gas  by  volume. 


Car])on  dioxide  (COj) 9. 6 

Carbon  monoxide  (CO) 19. 6 

Hydrogen  CHa) 14.9 

Met hane  (C II^) 1. 7 

Nitrogen  (Nj) 54. 2 

Ethylene  (C»H<) 1 
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WASHING  AND  COKINO  TB8T8. 

Alabama  No.  6  (run  of  mine). 

Washing  test  192. — Duration  of  test,  1^  hours.    Size  as  uBed,  through  1-inch 
Jig  used,  special;  speed,  70  r.  p.  m.;  stroke,  2}  inches.    Raw  coal,  12  tons;  widied 
coal,  10.75  tons,  90  per  cent;  refuse,  1.25  tons,  10  per  cent. 

Analyses. 


Ham  pie  tested. 


Lab.  No. 


Raw  coal,  car  nample. 


Washed  coaMent  \V2. 
Refuse . 


4353 
4419 


Moisture. 


Aah. 


|Sulpiuir. 


Percent. 


a39 
6.09 
8.21 


6.84 

4.76 

34.92 


Per  cent  I 
reduo-    i  Percmt 
tion.     I 


30 ; 


.a 

2.30 


Float  and  sink  tests. 


No.  of  test. 


On  raw  coal  (pn'llmliiHrj'): 

1 

2 

A 

.4 

On  n«fiiHc  (lloiil  i:« 

I 

•2 

A 

4 


Spocifle, 
SijM*     gravity 
used    of  solu- 1 
(inch) . '    tion 
'  used. 


1.3<i 
1.42 
1.48 
l.5«l 


Percentage  of 
float. 

Analyses. 

Sink 

(per 

cent). 

Aah. 

Sulphur. 

Tn             To 

Per 
cent. 

Per 
cent 
x«diio- 
tion. 

Per      cent 
cent,     redne- 

tlOD. 

1.35 
1.40 
1.45 


18.40 
20.80 
20.80 
22.30 


87 

13 

2.81 

90 

10 

3.51 

91 

9 

3.43 

94 

6 

3.75 

1.91 



2.81 

4     AO 

59  , 


50 

45  I 


L54 
.57 
.53 
.56 


8.S 
4.0 
10.0 
5.0 


2.1() 
2.1G 
2.32 


3.48 
4.06 
5.09 


1.01 

i!of. 


fl  Fiffiin-.s  indicate  that  finer  crushinK  Is  ndvantagoouH.    l^ss  of  "good  coal"  in  the  refuse  will  not 
oxoiH'd  I  ]^>T  cent.     By  "pood  coal"  is  im'ant  all  coal  of  a  quality  equal  t 


.     .     I  to  or  better  than  that  of  the 

It  uill  Ih<  noted  that  in  the  washing  tost  tho  sulphur  shows  the  same  percentage  in  tha 
washed  coal  that  it  <li<l  In  the  raw  coal.  This  Is  due  to  the  fact  that  the  reduction  of  the  ash  is  so  modi 
gn-ati'r  than  the  nMltiction  of  th(!  sulphur  that  the  n^sultlng  percentage  of  the  sulphur  to  the  washed  cod 


washed  coal. 


Is  the  same  as  that  of  tin-  oripinal  sulphur  to  the  raw  coal.     By  the  formula  Y= 
10  jHT  cent  of  the  sulphur  In  the  raw  coal  was  nmioved  In  washing. 

Coking  tests. 


c-M 


it  is  found  thai 


Test  172  1  Test  174 


(raw). 


Sire  as  u.HCfi • 

Duration  of  tvst houra 

Coal  charKC'i .pounds 

(!ok<'  produced IpeV cent 

1  /pounds... 

Br  M«z<'  produced jpe^  cent. . I 

Total  yield do 


(w.). 


f.c. 

f.c- 

40 

SO 

12.100 

n.8g> 

8,350 

l.SfO 

09.01 

65.6^ 

316 

221 

2.61 

1.9& 

71.62 

fu.Sl 

Remarks. — Tost  172:  Good  hciivy  rokc,  light -gray  and  silvery  color;  metallic  ring; 
cell  structuro  good;  breakage  good,  iiniforin-8iz(»d  pier(*s.  Test  174:  Good  heavy  coke, 
light-gray  :ind  silver^'  color;  cell  st  met  lire  rath<T  small;  breakage  good,  iiniform-eized 
pieces;  coke  better  than  from  raw  charge;  improvement  does  not  warrant  washing,  as 
^sh  and  sulphur  are  l)oth  low. 


TESTS — ARGENTINA, 
Analyses. 
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IMfture 

VebtttemAtter. 
Find  oarboD . . . 

A* 

Solphar 


Washing  Coking  test  172.  Coking  test  174. 
test  192,  I 
car      I 
sample 
raw  coal. 


3.39 
26.20 
63.57  I 

6.84  ' 
.59 


Coal. 

Coke. 

Coal. 

Coke. 

3.28 

0.46  1 

6.73 

0.63 

25.30 

.35' 

24.84 

.27 

64.50 

89.37  1 

63.57 

92.36 

6.92 

9.82  ' 

4.86 

6.74 

.50 

.59 

1 

.50 

.60 

ARGENTINA. 


ARGENTIXA  NO.  1. 


Coal  received  from  the  Province  of  Mendoza,  Ai^entina,  South 
America,  was  designated  Argentina  No.  1. 

The  coal  was  taken  from  two  different  parts  of  the  mine,  the  depths 
being  290  and  110  to  140  feet,  respectively,  and  was  used  in  steaming 
tests  451,  458,  and  485  (on  briquets);  washing  tests  187  and  187a; 
lad  briquetting  test  180. 

CHEHICAL  ANALYSES. 

Argentina  No.  1. 


Car  sa 
4000 

mples. 

4079 
3.00 

7.67 
18.39 
31.09 
42.85 

1.21 

3.40 

36.55 

.95 

15.04 

'            Steaming  tests.a 

451. 

458. 

485. 

Ubor..^ry  No 

kb-Arying  Ioak 

Proximate: 
Moistore 

7.10 
19.37 
30.97 
42.50 

.82 

6.94 

16.87 

26.03 

50.16 

.60 

2.40 
34.42 
.89 
7.74 
53.91 
.64 

16.48 
17.96 
34.23 
31.33 
.66 

3.26 
46.73 

1.21 

10.61 

37.61 

.78 

8.76 

Volatile  mtLttRT 

21.45 

Wx«l  carbon .     .... 

33  76 

Aiph 

36.06 

Snlpliiir 

.80 

UMsiAte: 

Hydrogoi 

3  41 

Carbon 

47.61 

Nitrogen 

.92 

7.77 

A2rr!;v:::::::::::::::::::::::: 

39  61 

Bolphur. 

.88 

Orioridc  value  (as  received) : 

Determined 

fcalories.. 

3,511 
6,320 
3,504 
6,307 

\B.t.  u... 
calories. . 

Calculated  from  ultimate  analysis . . 

■\B.  t.  u. .. 

•Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
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STEAMINO  TESTS. 

Argentina  No.  1  (run  of  mine). 


Size  as  used: 

0  ve  r  1  Inch per  cent . 

i  inch  to  1  Inch do. , . 

1  Inch  to  i  inch do. . . 

under  J  inch do. . . 

Average  diameter inch. 

Duration  of  test hours. 

Ileating  value  of  fuel B.  I.  ii.  per  pound  of  dry  fuel. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

In  ash  pit  (forced  draft) do 

Furnace  tempcraure **F. . 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface 
per  hour pounds. . 

Percentage  of  rated  horsepower  of  Iwiler  developed 

Water  apparently  evaporated  per  pound  of  fuol  as  fired pounds. . 

Water  evaporated  from  and  at  21?'  F. : 

Per  pound  of  fuel  as  fired do 

Per  pound  of  dry  fuel do — 

Per  pound  of  combustible do — 

Efliciencv  of  boiler,  including  grato per  cent. . 

Fuelasnred: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  fuel : 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


T«rt     !     Test     I     Test 
451.       !  458  (w.).  -485  (w.).« 


2a5 

las 
la? 

4210 

a63 

a  15 

5.933 

0.60 

.18' 
..71  I 


laoi 

13.6l>Seep.fi 

7L4 

a  32  I) 


L22 
34.2 
1.96 

2.34 
2.61 

aw 

40.85 

12.09 
14.92 

1L27 
ia91 


a88  I 

8,298  I 

a  76 

.11 

.53 

e2.014 

21.58 

L89 
52.9 
a04 

a66 

4.38 

7.95 

5a  97 


7.73 
ft  54 


a46 
7.97 


»2.» 
8.23S 

.02 
.55 


£65 
74  > 

&» 

i24 

.  &52 
491 72 

9.(0- 
^^ 

a23 


a  On  Renfrow  briquets,  made  in  test  180,  briquets  burned  slowly;  did  not  crack  open;  gave  low  M^ 
nace  temperature,  and  made  4  per  cent  black  smoke.  A^  formed  on  surface  of  briquets,  and  tend^^ 
to  form  clinker,  holding  large  amount  of  unconsumed  fuel.  These  lumps  were  hard  to  break  up' 
Ash  and  clinker  were  white  and  gray:  60  per  cent  clinker. 

t>  The  test  was  too  short  for  reliable  results. 

c  25  per  cent  of  the  reading  too  low  to  bo  read  by  pyrometer. 

WASHING  TESTS. 

Argentina  No.  1  (run  of  mine). 
Preliminary  /foot  and  sink  tfsts  on  raw  cod. 


Float  and  sink  test 
No. 


Size  used  I 
(inch). 


1.. 
2.. 
3.. 
4.. 


Specific 

• 

gravity 

Float 

Sink 

of  solu- 

(pt*r 

(per 

tion 

cent). 

wnt). 

used. 

1.55 

4.'i 

5.", 

1.60 

59 

41 

1.  (^5 

59 

41 

1.70 

r.i 

39 

Float  coal  analysis. 


Ash. 


Sulphur. 


Per  cent  1  Per  oen* 

Percent.  I    reduc-    I  Percent,      rpdut- 
j     tion.     !  tion. 


22. 5() 

47 

0.73 

^r. 

24.96 

41 

.78 

^^ 

27.68 

35 

.72  . 

*3 

27.90  1 

34 

.70  ! 

%^ 

]Va.'ihin(j  Icsts. 


Test  187.    .  Test  187u.  | 


Size     as    used,    through 

screen 2-inch. 

Jig  adjustment:  I 

Ma  kc  or  numlxir Stewart. 

Sp<x'd r.  p.  m..l  35 

Stroke inches..'  6 


Stewart. 
3.5 
6 


Test  187. 

Teat  187». 

Raw  coal 

tons.. 

18 

^•5 

Wa.shed  coal. 

/....do... 
•1  per  cent.. 

9 
50 

3.3 
00 

Refuse 

(  ...tons.. 
"\percont.. 

9 
50 

V^ 

IEST&— ARKANSAS. 
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F^l 


F 

Analyses, 

Lab.  No. 

Aflh. 

Suipimr. 

8ftnipln  tevted. 

Uoi*- 

Feroent 
tion. 

Percent,     ndtic- 
tion. 

S4»  ivviU  car  Aalnplt!!'. . . .  ^ .  * , 4060 

17,  20           29,  m 
22.73          34.57 

O.ftS    ..; 

'•^"-^ {^\%.-:. 

41^ 
«44 

19 

.54               33 

Argentina  N<».  1  (run  iff  uufn%  washed). 

Teti  ISO. — Siac  as  used:  Over  J  inch^  3  per  cent;  ^^  inch  to  \  inth,  8.4  p€?r  cent 
ffltiirh  ttj  i^ff  inchj  15  per  cent;  :^  inch  tn  j^  mch,  19.2  per  cent;  through  :^js  inch, 
W.4  per  cent.  BriqucU  vf^ry  heavy  and  hard,  and  gave  mugh  fracture  without  cruni- 
Wing  when  broken,  a»  the  coal  particles  wen^  firmly  comentt^  together  and  conld  be 
bindled  when  wann  without  breaking.  For  analyw-s?  vl  briqueU  atiH-  pBg e  61  (steam- 
-%  tart  485  L 


tft  rnaniiractum: 

ItMlllfie  UmH,  .. . ^v. ^..,J 

T^mperMtDn^  of  hriquets  ^,^.  *..*3^.  ;|  IMfi 

Binder— 

Kind ,, .|    w.f,p, 

L&)>orfttoiT  No-  (MR  p. «))..... .  4543 

Amount  ^_.,_.„_._per«»iit„  7 

WfSfiht  of—  ' 

Fueiliriqwtted,, jwiaitli,  ,       li.oflO 

Briqivti.,  avpi«g«. . .  do ....         0,  ^Ut;^ 

H««t  TKtiic  fKFf  potand— 

F«ri  ii« fseeel Tea B.t-tt.j       «.1>90 

FwlutOicd...-^ .-. do...,;        7M^ 

Bimliir,,, ^. _..,.. -do...  J      1B,*H* 


Mild. ,ppr  CBtrt 

Paswd  ...,„.,..,„„_.., do. . 

Tumt^b^r  t^t  (Hndi  st^rwti): 

Het4. , , .do,. 

Poiseed  (Qiivi>  ............  . .  .do. . . 

Fines  Ibrom^  lt>'meflli  slevc.do. . 

W(^iithi*iitLg  test: 

Time  iMtpoAeit  ,**.„,,....,,„-  ,dAyi 
Condition ., . _.^  ^ ^ ,. 

Wftt*!r  till  sorption: 

In  19  diij^s ...,.,....,. pwoBDt 

A  vorago  for  flrst  i  day< do. . 

Bpeclftt*  gravity  (uppftteiit) 


M.5 
8.8 

0.8 


Ritrachoti  anal^Mt*, 


PItdh. 


FueJ. 


!iitt  \m 


l*feiff*tory  No  * . , 

luacrBtr  In  CSi: 
itd 


.p«r«naw. 


Air-dried.. ,..,.... .....^w, 

Aiiiod¥«d, .*........-.. .— ^,.....^»..^,,..d04. 


90.0b 


L&ao 


43D 

«,t» 


ARKANSAS. 


1/1 


Bituminous  coal  from  Huntington,  Sebastian  County,  on  the  Frisco 
Svstem,  was  designated  Arkansas  Xo.  1  B.  The  coal  as  worked  at  a 
tiepth  of  110  feet  at  this  place  averages  7  feet  in  thickness. 

This  sample  consisted  of  slack  coal.  It  w  as  loaded  under  the  super- 
vision of  John  W.  Groves,  and  wa.s  used  in  making  washing  test  139; 
coking  tests  95,  96,  97,  and  100  (washed),  and  cupola  tests  96  and  115. 
Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2586 
^as  cut  900  feet  west  of  the  shaft,  where  the  coal  measured  7  feet  9 
inches  in  thickness.  Sample  2585  w^as  cut  one-half  mile  south  of  the 
shaft,  where  the  coal  measured  7  feet  3  inches  in  thickness. 


«  For  other  testa  on  coal  Irom  this  locality  rnado  in  1904,  see  Bull.  U.  S.  Geol.  Survey  "So.%\,  V^ttb, 
pp.  33,  »,  122,  sod  148;  and  Prof.  Paper  U.  S.  Geol.  Survov  No.  48,  1906,  pp.  42,  IW,  ^45,  \32&,  1430. 
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CHEUCAL  ANALYSES. 

Arkansas  No.  1  B. 


Mine  samples. 


Laboratory  No 

Air-drjrizig  loss 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon  . . . 

Ash.  , 


Sulphur. 

Ultimate:  | 

Hydrogen • 

Carbon 

Nitrogen ' 

Oxygen 

Calorific  value  (as  received) :  | 

Determined {b!Tu. 


2585 
2.90 

3.53 
16.66 
72.04 
7.77 
1.29 


Calculated  from  ultimate  analysis {a^tfu!* 


7,787 
14,017 


3.50 

4.00 
16.82 
72.04 
7.14 
1.32 


WASHING  AND  COSING  TESTS. 

Arkansas  No.  1  B  (slack). 

Washing  test  1S9. — Jig  used,  Stewart.     Raw  coal,  61,190  pounds;  washed,  4 
pounds;  refuse,  15,190  pounds. 

Coking  tests  {on  washed  coal). 


Size  as  used 

Duration  of  test hours. . 

Coal  charged pounds. . 

Coke  produced {pcV^ni:: 

Bn^ze  produced {p^^;; 

Total  yield do. . . . 


!     Test 

Test 

Test 

1        95. 

96. 

97.- 

s. 

f.c. 

f.c. 

49 

71 

48 

10,000 

10,000 

10.000 

5,832 

5,806 

6,055 

58.32 

58.06 

60.55 

574 

1,290 
12.90 

214 

5.74 

2.14 

64.06 

70.96 

62.69 

a  Plus  10  per  cent  pitch. 


b  Plus  15  per  cent  pitch. 


Rerrwrks. — Test  95:  Soft  and  punky;  dense;  breakage  very  irregular;  large  and 
lumps.  Test  96:  Soft  and  punky  with  no  coll  structure;  very  soft  and  dense 
This  test  was  run  slowly  to  save  burning  fixed  carlx)n  and  to  compare  with  t« 
Could  not  get  heat,  and  noncementing  action,  duo  to  this  cause,  probably  accoun 
high  breeze.  Test  97:  Dull-gray  color;  dense;  breakage  very  bad  and  irregular; 
and  small  chunks.  Test  100:  Dull-gray  color;  soft  and  punky;  dense;  pract 
same  as  test  97,  possibly  a  little  bettor. 

Analyses. 


Moisture 

Volatile  matter. . 

Fixed  carbon 

Ash 

Sulphur 


Washing  test  139. 


Raw 
coal. 


7.49 
16.16 


17.97 
1.06 


Washed 
coal. 


8.62 
1.12 


Coking 

test  95. 
Coke. 

Coking  test  96. 

Coking  test  97. 

Coking  U 

Coal. , 

Coal. 

Coke. 

Coal. 

Coke. 

Coal. 

10.96 
16.66 
66.51 
5.87 
1.01 

2.89 
3.67 
85.23 
8,21 
1.25 

is!  04 

60.32 

8.87 

1.14 

1.31 

2.44 

84.53 

11.72 

1.11 

7.80 
ia93 
64.92 
8,35 
1.08 

2.74 
1.29 
85.81 
10.16 
1.02 

5.69 

17.34 

68.67 

8.30 

1.12 

TESTS — ARKANSAS. 
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(ipeia  teifi  0/  coht  modt  from  Arkafum  No.  1  S  mat  {wuihed,  pluM  !f>  prr  cfni  pitch). 

CHARGE. 


Twt 


iSpwlflc 


ST  , 


L96 


Irmi  to 

Fluid- 
ity 
fllrlp 

7 
7 

M.44 

DfTl«biiiofF:biUSB. 

MMterliUA. 

to*^ 

1. 

2. 

t. 

4. 

5. 

Lkt. 

LbM. 

Ut, 

L^.    1 

£&#, 

£&«. 

Goto........ 

iBfl 

60 

m 

flol 

eQ 

430 

I'lglron,,,. 

sw 

420 

4£Si 

4a)  j 

420 

a,5£fi0 

Coke 

190 

140 

140 

1*0 

140 

750 

igo 

60 

m 

m  ' 

60 

430 

Pi^lmn.... 

m 

430 

420 

430 

4J) 

2.a« 

Scrap 

IQO 

1«0 

]40 

i«i 

140 

Tad 

HECOHP  OF  MELT. 


Blsitt  pt«uuie. 

rmn 
run- 
ning 
In— 

W«lsht  of  ii^n. 

Melting, 

IS- 

OBftI— 

Pooled, 

Addl- 

tidnftl 
meltBd. 

Tot*i 

Tlmo. 

hotm. 

lion. 

Coke. 

m 
m 

T 

T 

a      i,6t^ 
14      l»S4g 

aig 
404 

Lfa*. 

30 
3.5 

Lftj. 

3.  .109       ^33 

4Hfla*       ikSS 

r 

Peret. 

g.m 

10,71) 

730 

az7 

13 

LADLE  RECORD. 


TMt  90. 


I  No. 


FotindA. 


Tmte 


6« 

402 

7S 

4  07 

83 

4  07| 

«& 

in 

73 

412J 

41 

4ta 

n 

4134 

70 

414 

70 

41S 

75 

4ig| 

tij 

4.2(1 

TB«t  Ilik 


PotindA. 


Tlmfl 


106 

107 

104 

ItQ 

112 

111 

IS  I 

107 

129) 

ni 


a,  57 

3,57i 

40ft  j 

4.0i> 

4.mfi 

4.07 

4.07i 

4.08 

4,i(y 


L»dloNo. 


11. 
14, 
l.'S. 
15, 
17. 

m. 

20, 
21, 


Te^H 


Pounds. 


Time 


Tut  115. 


^^""''-L^r). 


109 

4.:^ 

11£ 

422* 

61 

4.23  * 

07 

434 

113 

4.344 

5i 

43B 

T7 

43S 

W 

4.2^1 

6ii 

4.3(4 

§0 

4.31 

41 

IM 

100  1 
12A 

04 


4101 

4U 

4.VU 

4U 


«  Phosphorus  in  coke,  O.OIST)  per  cent;  sulphur  in  ash,  0.0.")  per  cent. 

Remarhs. — Test  90:  Iron   hot.     Test  115:  Iron  hot;  bed    ImriUHl   out  and  charfi^i  s 
Jiung;  bottom  had  to  be  dropptH:!  after  the  fiftoonth  ladle 


ARKAX8A8    XC).  7. 

Bituminous  coial  from  a  mine  located  4  miles  southwest  of  Midland, 
Sebastian  County,  on  the  Midland  Valley  Railroad,  was  designated 
Arkansas  No.  7.  The  coal  as  worked  at  a  depth  of  190  feet  at  this 
place  averages  7  feet  6  inches  in  thickness. 

Two  lots  of  coal  were  shipped  from  this  mine  under  the  superv^ision 
of  John  W.  Groves.  Arkansas  No.  7  A  consisted  of  domestic  lump 
which  had  passed  over  a  2-inch  perforated  screen.  It  was  used  in 
making  steaming  tests  293  and  294  and  producer-gas  test  96.  Arkan- 
sas No.  7  B  consisted  of  slack  coal  which  had  passed  through  a  2-inch 
19608,  Bull.  No.  382—08 5 
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perforated  screen.  It  was  used  in  making  washing  test  141,  col 
tests  104  and  105,  cupola  tests  116  and  142,  and  briquetting  test : 
Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2 
was  cut  950  feet  northwest  of  the  foot  of  the  slope,  where  the  • 
measured  8  feet  in  thickness.  Sample  2594  was  taken  900  feet  no 
east  of  the  foot  of  the  slope,  where  the  coal  measured  7  feet  11  in< 
in  thickness. 


CHEKICAL  ANALYSES. 

Arkansas  No.  7. 

Mine  samples. 

Car  sai 
A. 

2688 
4.90 

5.47 

ia27 

66.57 
11.69 
2.02 

4.33 

72.63 

1.26 

8.07 

mples. 

Steaming  t/B- 

B. 

293 

i 

Laboratory  No 

2593 
a50 

a  97 

ia86 

7a  26 
5.91 
1.53 

2594 
4.90 

5.38 
1&02 
60.76 

a  84 

a20 

2722 
5l90 

&89 
15l23 
62.88 
l&OO 

2.24 

4.44 

68.28 
1.26 
&78 

Air-drying  loss r 

Proximate: 

Moisture 

Volatile  matter 

1... 

&41 

laio 

68.34 

iai5 

L81 

4.03 
78.49 
1.36 
a48 
ia73 

Fixed  carbon 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Ash 

Sulphur 

L91  1 

I  Calories. 
•\B.  t.  u.. 
}  /Calories. 
•  tB.  t.  u.. 

7.909 
.        14,236 

J.......... 

1 

7,050 
12,690 

7,058 
12,704 

6.700 
12,060 

6,718 
12,092 



Determined 

Calculated  from  ultimatt 
analysis 





a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

STEAMING  TESTS. 

Arkansa.s  No.  7  A  (lump). 


Test  293.    Tea 


Size  as  used : 

Over  1  inch per  cent. .  (I  3 

iinch  to  1  inch do 11.  9 

inch  to  i  inch do 18.5 

Jnder  i  inch do. . . .  6a  3 

Duration  of  test hours. .  9.  8 

Heating  value  of  coal B.  t.  u.  por  pound  of  dry  coal . .  13, 705 

Force  of  draft:  ■ 

Under  stack  damper inch  water. .  0.  62  i 

Above  fire do .15 

In  ash  pit  (forced  draft  t do 

Furnace  temncrature *>F. .  1 . 972 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. .  la  71 

Equivalent  water  evaporated   per  square   foot   of  water-heating  surface   per 

hour pounds . .  2.  60  : 

Percentage  of  rated  horsepower  of  boiler  developed \  72. 8 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds.  .1  7. 55 

Water  evaporated  from  and  at  212*  F. : 

Per  poimd  of  coal  as  fired do &  97 

Per  pound  of  dry  coal do 9i  48 

Per  pound  of  combustii)!" do 11.02 

Efiiciencv  of  boiler,  including  grate percent..  66.80 

Coal  as  rired: 

Per  indicated  horsepower  hour pounds. .  a  15  | 

Per  electrical  horsepower  hour do a  89 

Dry  coal: 

Per  indicate<l  horsepower  hour do ;  2. 98 

Per  electrical  horsepower  hour do a  68 


TESTS— ARKANSAS-  0^ 

■ 

PB0BnC£B-6AS    TEST. 

Arkiuijraf  No*  7  A  (tiinip). 

\B6.—Size  a?  userl:  OviT  1  inch,  28  per  rent;  |  indi  kj  ]  i»ich,  10  per  tviit:  f 
^1*  J  inch,  15  por  centj  under  \  inch,  47  per  cent.  Dumtion  oi  test^  60  buuEtt; 
'  cWtrital  hiiraepower,  137.3;  nkvcrage  B.  t.  U.  per  crubit?  foot  of  ga^i.  l^il^ 
looal  Hred,  12,900  pounds. 


Oxd  taruumfd  in  pndticer  per  h&ritj^u'tr  h^ur  {pouwU)  * 
-^J^rreiopetl  at  switfli  boftid ....*...*..«....^  <,,..*. *..*.. 


iMtiUcipwl  &t  t-rvglii^. 


iCqitittilcnt  Or*^  bf  pfodvoT  pbini  (powndru 


^^mJbe  ionepowvr: 


Conliia 

•^  ; 

Conilw- 

L8S 

L72 

i.ir 

1.75 
LflO 

l.«7 

2.U 

tsr 

1,W 
1.71 

L82 

L5» 

riDdf. 


Carbon  dioxJdo  (COi),... .,...,.„,, ..„    14.8 


427 

e7.a 

311A 


carbon  iiionojUdt'  (COk. ,. 12, 1 

Ilydnogon  (UfJ ..,„...,,„...  l&l 

«*£luM»CCH4).. .„..  Li 

mtrogen  (Nji).. ..,.,„„,„  a&4 


WASHING  AND  COKIKG   TESTS. 
Arbmsos  Na  7  B  (slarkK 


I'xiiAi'n^  i«l  141^— Jig  usch],  Stewart.     Raw  conl.  50.000  p<mnd»;  wttijhod,  58.00(1 
Nub;  refuae,  12,000  pounds. 

Coking  tvMtM  {mi  wmhad  coal). 


T^%  104.  Te«t  I03.tf 


^^nelitat...... .,... ^..... . . . . ,  Jiours. . 

■i*Mfia.._ , ._ _„,.._.,,..„...,,..,., potwjdii., 

"■prndoeed. „.,... ..|i:''*^^r^ 

^pmyM!ed „„ ........._... _ -^---■--te'p'l^«r- 

«*iiwd ,...._.„..,.., ,„ .,......,r,.dft..-. 


fi7 
to.  000 

37.30 
3,750 
37.30 
§180 


ST 
101.000 

4S.0§ 
I,d04 
I&Oi 

m.72. 


«  rjiis.i  jVTfi^nr  fiitcti. 


ntfnark*.—Tmi  104:  Dull-p^iiy  <ftl*>T;  vi«ry  wjft  and  ligjlit  wi%!it;  l>rc*aking  up 
'>«n,  on  puHing.  into  Urg«  ami  t*maU  cUunk^;  liiu"?  appearance  of  beinp  cemented 
|«lwf  after  volatile  was  driven  tiff;  pnii-tkivlly  no  cell  Mniclure:  high  yield  of 
■P^ie  due  lo  noncera en tini:  action ,  all  vohiiile.  »s  analysis  whowa,  being  driven  off 
Wyeni^hing  before  chan^ug,  T*^t  lfK>:  iSr^fi  nml  punky;  very  dense;  dull  and  nut 
^f  eolor:  phyvically  t^oil rr  than  coke  fmm  C(kul  witlioiit  pitch;  pereentaije  uf  lirt^eze 
•^tiiijh:  hrfuks  intti  large  and  Biiiall  chunks;  heUer  weight  Uian  coke  in  test  104, 
kwUgbt. 
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Analyses. 


Moisture 

Volatile  matter. 

Fixed  carbon 

Ash 

Sulphur 


Washing  test  141. 


Raw 
coal. 


6.89 
15.23 
62.88 
15.00 

2.24 


Washed 
coal. 


6.45 


7.19 
1.89 


Coking  test  104.        Coking  test  lo:. 


Coal.        Coke. 


• 

6.96 

0.13 

14.86 

.53 

70.97 

89.72 

7.19 

9.62 

1.78 

1.70 

Coal.     I    Coke. 


7.52 
16.66 
68.85 
6.97 
1.65 


I 


0.1 

.a 

89.1 
9l1 

Li 


Cupola  tests  of  coke  marie  from  Arkansas  No.  7  B  coal  {uashed,  plus  5  per  cent  piieh), 

CHARGE. 


(^jpola 
test 
No. 

Test 
No. 

116 
142 

105 
105 

I. 


Coke.a 

Fluidi- : 

Specif-  !  Ratio   ty  strip     Materials, 
ic  grav-|   iron.    ,    full, 
ity.    I  to  coke.  I 


Divisions  of  charge. 


Tot«] 


1.97 
197 


Per  ct. 


7  I    93.05  ; 


[Coke 

Pig  iron. 

Scrap 

Coke 

Pig  iron. 
Scrap 


Lhs.    1 

IM. 

JAf. 

Lb». 

Lb9. 

la.. 

220 

53 

53 

52 

52 

J 

660 

396 

396 

307 

397 

220 

133 

133 

132 

132 

H 

220 

53 

53 

52 

52 

« 

660 

396 

398 

307 

397 

%n 

^ 

133 

133 

132 

132 

n 

o  Phosphorus  In  coke,  0.0135  per  cent;  sulphur  in  ash,  0.07  per  cent. 
RECORD  OF  MELT. 


Cupol : 
tost 
No. 


Blast  presaun*. 


Iron    |_ 
run-    ' 


Weight  of  iron. 


Melting. 


I  Recovered 


1  Maxi      I^ns    \  ^^<^i-  t  I  ^*«  i  ^**0  :  I 

^>nttt—       „,„„       j„^     Poun>d.  tional  I  Total.  Time.  I    per    ;ironto   Ix>ss.  I  Iron 'Coki 
mum.      m—  ^«if„,i  ;  ,  k/v.i,.     f^^ra    i  ! 


melted. 


;  hour.    coke. 


llrt  !  10.41a.m... 
142     10.55  a.  m... 


Min.   ,    Lbs. 

12  !        772 
0       l.fi37' 


Lbs.    , 
318 


Lbs. 
1.090 


Min.  \ 
33 

35  i 


Lbs. 
1.962  , 
3.490 


Per  ct.  Lbs. 
3.25  3.13  l.81»i 
5.72       7.60       THrt 


Lte. 
t 


..VDLK  RFXORl). 


1         Tost 
Pound.s. 

Ki. 

Time 
(a.m.). 

11.0,3 

Test  142. 

Test  116. 

Test  142. 

Ladle  No. 

j'«""^'^-  (a^m:;. 

I^dlo  No. 

Pounds. 

Time 
(a.m.). 

^-"^-jd^S 

1 

!             83 

81        11.07 
87        11.10 
75       U.lOi 
73       11.12 
70       11. 12.i 
80  1     11.17 

75  i    n.i7i 

80       11.18 
84       11.19 
♦il        11.23 
yj       11.23J 

12 

83 
64 
104 
77 
55 
98 
72 
58 
63 
58 

ILM 

2 

94 
74 

'              07 
23 

1           r>5 

!             72 
89 
01 
24 

1 

11.0<» 
ILU 

11.12  1 
11.12* 

11.13  1 

11.17  ■ 
11.17A 

11.18  1 
11.25 
11.20 

13 ' 

ILI 

3 

14         .            •  

n.i 

4 

1  15 

11.J 

10 

n.j 

(i 

17 

11. a 

,18         .... 

iLa 

H 

10 

ILl 

() 

20 

111 

10 

21 

n.s 

11 

'>0 

11.3 

Rvmarks. — Test   11  (J:  Iron  hot;  charges  hung  and  bottom  dropped  after  eleventl 
ladh'.     Test  142:    Iron  medium  lempemture. 


F 


TESTS— AR  KANSAb. 
BBIQUETTINO  TEST. 
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Arkansas  Xo.  7  B  i  washed  slack). 

'. — Mftchine  ii*ecl»  English.  Tpiiipeiature  of  briquets,  179.6®  F.  Kind  of 
'cial-tar  pitch;  lalxxralary  No.  2735  (see  p.  40).  Amount  of  binder,  4,  6, 
cent.     Weight  nf  fmd  briquet tt^l, -1, 000  pounds. 

s  mado  with  4,  5,  and  6  per  cent  of  binder  were  equally  satisfactory,  with 
structure,  glcissy  fractun^,  and  well-molded,  sharp  edges.  In  the  drop 
i  per  cent  binder  the  1-inch  screen  held  31.4  per  cent  and  passed  68.6  per 
the  weathering  test  all  binders  were  exposed  80  days;  condition  for  the  4 
",  for  the  others  B. 

ARKAKSA8  NO.  8. 

nthracite  coal  from  Spadra,  Johnson  County,  on  the  St. 
ron  Mountain  and  Southern  Railway,  was  designated  Arkan- 
8.     The  coal  as  worked  at  a  depth  of  87  feet  at  this  place 
\  2  feet  10  inches  in  thickness. 
imple,  which  was  shipped  under  the  supervision  of  W.  J.  Von 

consisted  of  No.  4  coal  screened  on  a  IJ-inch  round  per- 
screen.     It  was  used  in  making  steaming  tests  297,  308,  and 

coal)  309;  producer-gas  test  95,  and  washing  test  144. 
[line  samples  were  taken  for  chemical  analysis.     Sample  2587 

1,300  feet  northeast  of  the  shaft,  where  the  coal  measured 
.  inches  in  thickness.  Sample  2588  was  cut  1 ,650  feet  north- 
he  shaft,  where  the  coal  measured  2  feet  11^  inches  in  thick- 

CHEMICAL  ANALYSES. 

Arkansas  No.  8. 


number, 
owi 


matter, 
rbon 


Mine  samplos, 


ue  (as  received): 

__j  /calories. 

™^ \B.t.u.. 

ed  from  ultimate  (calories, 
is IB.  t.  u.. 


i'>87 

2.  :»o 

3. 12 
11.39 
77.  ai 

H.  4«i 
1.H4 


7.  GOT 
13.793  i 


2.  10 


11.20 
77.71 

S.  37 
2.  7H 


Car 
sampU*.         .x)~ 


2744 
4.40 

r..l9 
10.49 
70.31 
14.01   I 

2.  Of)  j 

3.78 
72.43  I 
.51   ' 
7.22 


6. 9-22 
12.4(K)  I 

«1.H91 
12.404  ; 


steaming  tests.6 


I 


308. 


3.24 

5.93 





5.93 

9.90 

11.21 

10.79 

71.93 

74.80 

75.  43 

14.93 

8. 00 

7.a5 

2.4() 

2.08 

2.03 

3.34 

3.63 

3.64 

75.  4(i 

82.06 

82.30 

.53 

.57 

.59 

2.70 

2.96 

2.97 

15.  43 

8.57 

8.34 

2.54 

2.21 

2.16 

i 


ing  point  of  the  binder  used  was  188.8°  F.,  and  r>sjtt)  per  ct^nt  of  the  sample  as  received  was 

r  CSj.    All  other  data  concerning  this  binder  w(;re  lost  in  the  fire. 

te  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  ear  sample. 
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8TBAMIHO  TB8T8. 

Arkanaas  No.  8  (washed  |. 


Test  207.   TMtan.   Th 


Size  at  used: 

Over  1  inch per  cent. .  46l  6 

(inch  to  1  inch do...  16lO 

inch  to  J  inch do....  8.7 

Jnderiinch do....  28.7  : 

Duration  oi  test boon. . ;  «.  T2 

Heating  value  of  coal B.  t.  u.  per  pound  of  diy  ooal. .  13,000  I 

Force  of  draft: 

Under  Rtack  damper inch  water. .  a  63 

Above  fire do 

In  ash  pit do *.  03 

Funuu*  temperature •F..  1.064 

Dry  coal  uaed  per  square  foot  of  fn^te  surface  per  hour pounds. .  1&  55 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  I 

per  hour .* pounds. .  3.03  ■ 

Percentage  of  rated  horsepower  of  boiler  developed '. 85.0 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . '  &  80  ' 

Water  evaporated  from  and  at  212*  P.: 

Per  pound  of  coal  as  fired do —  7.93 

Per  pound  of  dry  coal do &  19  i 

Per  pound  of  corabustilile do —  10. 40 

Eflfl<!iem-v  of  boiler,  including  grate per  cent. .  60. 84  ! 

Coal  as  nred:                                                                                                       ,  j 

Per  indicated  horsepower  hour pounds. .  3. 57 

Per  electrical  horsepower  hour do —  4. 40 

Dry  coal: 

Per  indicated  horsepower  hour do 3. 45  ! 

Per  electrical  horsepower  hour do 4. 26  j 


24.0 
17.0 
l&O 
41.0 
5.03  t 
14.135 
I 

a72 ; 

(.)  ! 

"i."96i"i 

16il3 

280 
80.9 
7.01 

8.42 

&96 

10.82 

61.36  , 

3.36 
4.15 

3.16 
3.90 


a  Natural  draft. 


b  Forced  draft. 


PBODUCEB-OAS  TEST. 

Arkansas  No.  8. 

Trst  .9.-7.— Sizo  aw  shipped.  4  inches;  sizo  as  used:  Over  1  inch,  68  per  cent;  J 
to  1  inch,  l:i  per  c«'nt;  1  inch  to  J  inch,  (i  per  cent;  under  J  inch,  13  per  cent.  1 
tion  of  t<'si,  20  hours;  av<Ta^e  eh'ctrical  horsejxjwer.  177.2;  average  B.  t.  u.  pt>r  < 
f(M)t  of  iTd^,  I'M):   total  coal  lired,  8.550  i>ounds. 


Coal  lonxunifd  in  /iro<lii<er  }>rr  hor-iej'0>i  rr  hour  (/toundfo. 

I'«r<  If'Ctrical  liorsrpowiT. 

ConmuTcially  avuilal>l«' 

Drvrioju'rl  lit  switi'liioanl 

Per  l»riikr  horsi'powi'r: 

ComnuTriall;.  available 

l>«vrloiK'<i  at  <'ii>?in«' 


Kquirnlfnt  used  by  jirwhmr  jiUmt  ij-ounds). 


Pit  r'h'ct  ri(  al  horscpowor: . 

romiiirn'ially  availaM*-.  . . 

I )«' v«'l( )])(»<  1  at  .»«\vit('hlM>ar'i. 
Per  brake  nors<«i>()w<'r: 

Coinnu'rcially  jivailal>l»' 

Developed  at  engine 


Analysfs. 


Coal  &» 
flnni. 


iDrvcoal>'°? 


1.96 
1.86 


2. 13  I 
2.02 


1.81 
1.72  ! 


COill. 


(ios  by  volume. 


Moisture 2. 74 

Volatile  mat  tor <.».70 

Fixoil  carbon 71.95 

Ash 15.61 

Sulphur 2. 45 


Carbon  <iioxi(ie  (C(>i). . . 
Carbon  monoxul«*  (CO). 

ny«lrogon  (Hi) 

Methane  (CH«) 

Nitropen  (Ni) 

Oxygi'n  (Oi) 

Ethylene  (C1H4) 


1.90 
1.81 


2.07 
1.97 


1.70 
1.67 


TESTS — ^ABKANBAS. 


71 


W&SHIKQ  TESTS. 

Arkanfisifl  No.  8. 
7!^  144^ — Size  flfi  ahippcd  and  u^d,  No.  4  nut.    Jigused,  Stewart.    Raw  coed,  23,000 

pOLuid^;  washed,  19,570  poundi^;  refuse,  3,430  pounds. 

J/iii%M*.— Raw  e(m1:  8tH?  car  sample  No.  2744  (p.  69).  Washed  coal:  Moistiu^, 
5,03;  mh,  7,85;  sulphur,  2.03, 

ARKANSAS  NO.  9. 

Bituminous  coal  from  Bonanza,  Sebastian  Coimty,  on  the  Frisco 
System,  was  designated  Arkansas  No.  9.  The  coal,  as  worked  at  a 
depth  of  350  feet  at  this  place,  averages  3  feet  3  inches  in  thickness. 

This  sanvple  c<*ELsisted  of  slack  coal  through  a  IJ-inch  bar  screen. 
It  was  sliipped  umler  tlie  supervision  of  John  W.  Groves,  and  the 
fallowing  tests  were  made:  Washing  test,  140;  coking  tests,  98,  99, 
101,  102,  and  103  on  washed  coal;  and  cupola  tests  95  and  117. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2599 
was  cut  1,40<J  feet  southea^st  of  the  shaft,  where  the  coal  measured 
3  feet  IJ  inches  in  tluckiiess.  Sample  2600  was  cut  1,100  feet  west 
of  the  shaft,  where  the  coul  measured  3  feet  2  inches  in  thickness. 

CHEIUCAL  ANALYSES. 

Arkansas  No.  9. 


Mine  samplea. 


Car 


Ubumtoiy  No 

rtojlnuiiB: 


Cvbcm 

mk  vail 


2509 
1.70 

1.99 

15.90 

75.05 

7.06 

1.05 


2600 
1.80 

2.12 
16.17 
76.01 
6.70 
1.78 


lM^'^mln^^d . 


C«kTUj&l£<i  f  rof n  uJtltu«te  uujyitt:^ . 


/calorics.. 
\B.  t.  u... 
/calorics.. 
■\B.  t.  u... 


7,826 
14,087  I 


"I 


2600 
4.20 

5.26 
14.71 
55.22 
24.81 

1.00 

3.91 

59.87 

1.23 

9.18 

5,806 
10. 451 

5,812 
10,462 


WASHIKG  AND  COKING  TESTS. 

Arkansaw  No.  9  (slack). 
^VoBhing  test  J4^). — ^Jig  used,  Stewart,     iiaw  coal,  77,300  ix)und8;  washed,  57,350 
pfjunds:  refuse,  19,950  pounds. 

Cokijig  tests  {on  vdahcd  coal). 


Pest  m.    Test  lOl.o  Test  102.h  Test  103.  c 


S«e  aj  shipped inches . 

aa*  as  used. .* do  . . 

I>'iration  of  test hours. 

Coal  charged pounds. 

C«k.  produced {^'^^ 

B,«„p™,«ed {p-'-; 

Total  yield do. . . 


U 

f.  c. 


u 
'*  i 

24 


u 

f.c. 
39 


43 
10.000 
6,252 
62.52  1 
458 
4.58  ' 
67.10 


n 

44! 
10.000 
5.107 
51.07 
1,693 
16.93 
68.00 


a  Plus  3.44  per  cent  asphalt. 


6  PJus  lOpcrctmt  pitch. 


c  Plus  5  pet  cent,  pVUiU. 
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Remarks.— Teet  98:  No  coke  produced;  ashed  down  about  5  inches.  Test  99  Ml 
washed  slack  not  crushed  gave  same  result;  no  coke.  Test  101:  No  coke  produced; 
ashed  down  about  6  inches.  Test  102:  Dull-gray  color;  soft  and  punky;  dense  with 
good  weight;  breakage  very  irregular,  large  and  small  chunks.  Test  103:  Very  soft 
and  punky;  has  appearance  of  being  cemented  together  after  volatile  was  driven  off; 
high  yield  of  breeze  due  to  noncementing  action,  all  volatile  being  driven  off;  5 
per  cent  pitch,  not  enough,  as  results  from  test  102,  10  per  cent  pitch,  show. 

Analyses. 


Washing  test  140. 


Cokiiig 
te8t98 


Raw      Washed.!    J^;? 


coal. 


CokiDg 
test  101 
(coal). 


CokkDg  teat  102.       Coking  test  KB. 


Moisture 5. 26  I 

Volatile  matter i  14.71    . 

Fixedcarbon I  65.22   . 

Ash '  24.81  I 

Sulphur 1. 00  I 


7.78  , 


14.90  I 
.98  I 


7.43 
ia84 
65.65 

iai8 

.96 


&ao 

14.74 

65.01 

ia95 

.96 


Coal. 

coke.    : 

1 

5.60 
17.22 
6403 

iai5 

1.01 

a30 

.81 

81.48 

17.41 

1.07 

i 

Coal. 


Coke. 


&76 
14.84  i 
66.63 
1Z77  I 

1.02 


ass 

.80 
83.70 


Cupola  tests  of  coke  made  from  Arkansas  No.  9  coaly  voathed,  plus  10  per  cent  pitch. 

CHARGE. 


Cupola 
test 
No. 


95 
117 


Coko.a 


Ti>8t     °P<^'"C    Katio 
v.,        grav-    iron  to 
ity.      coke.  | 


I  Fluid- 
ity 


'  riuiu- 

SpociQc    Ratio      j}l^   !    Materials, 
grav-    iron  to     YxSF   \ 


102        2.04 


102         2.04 


Per  ct. , 

I  (Coke... 
88. 89  <  Pig  iron 
HS<'rap... 
,  roke... 
98.61  MMgiron 
(Scrap... 


Divisions  of  chaise. 

Tot^-* 

1. 

1 

2. 

a 

4. 

6. 

1 
Lbs. 

Lba. 

Lbi.    i 

Lb». 

Lbs. 

Lb0 

210 

65 

65 

65 

65 

4^ 

doO 

405 

406 

405 

405 

2,2^ 

210 

135 

135 

135 

135 

7^ 

220 

53 

53  ; 

52 

52 

4^: 

<iti0 

398 

396  1 

307 

397 

2,2iE 

220 

133 

133 

132 

132 
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Ulnsi  prpssun*. 


Cupolu  I 
tost. 
No.  On  at 


05     10.  .'iO  a.  111. 
117       8.{r2a.  m. 

i 


-    —  I  ron 

I  nm- 

Max-  ning 

iiniiin.  in  — 


0:. 


Afin. 
12 
10 


RECORD  OF  MELT. 


Wtught  of  iron. 


Melting. 


Addi- 
I'ourod.   tional   Total.    Time. 
m«'lt<'d. 


Lbs. 

i.oa"> 


Lbs.  Lbs. 
X^A  l,a'« 
288     1.29a 


Min. 
28 
25 


Ra{^    '\?ii?  1 
per       *™°     Loss. 
|»^-r.i^£,.    ^ 

Lbs.  ^Percf. 

2.214  I     a 56  I    5.07 
3, 103       4. 01  '    8. 10 

I 


Roco\TiwJ.- 
Iron.  Coke- 

Lbs.  ■  Lb», 
1.815  144 

1.464  I       lOE 


LADLE  RECORD. 


I^adh'  No. 


T(>st  95. 
PoiindH, 


1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 


82 

50 

92 

.W 

."W 

72 

91  I 

61 

^  I 


Tost  117 


dml    '■"""-I-    (a.m.. 


Time 


11.  16  I 
II.  19  ' 
11.  19J 
11.20  I 
11.26  I 
11.26J, 
11.27 
11.29  I 
n.29i 


78  ; 
52 
.W 
70 

67  I 

;j7 

<i0  i 
(i6  ' 


8.2ti 
8.31 
8  3U 
8.32 
8.32J 
s.:m  ; 
8.  34J' 
8.  :i5  I 

8.  asi! 


Ladle  No. 


Test  05. 
Pounds. 


Test  117. 


Time     prt„nrt.      Time 
(a.m.).  *^ound8.    ^^^^ 


10 61  ,     11.30  77  i  8.38 

11 64  &38i 

12 1 55  8.39 

l.'i 64  !  8.391 

14 , 70  I  a41 

15 .•  48'  8.42 

16 1 45'  8.42i 

17 , 26.  8.43 


i 


o  Phosphorus  In  coke.  0.ai29  per  cent;  sulphur  in  ash,  0.17  per  cent. 
Remarks.— T{.»^t  95:.  Iron  cold  and  dull.     Test  117:  Iron  hot  and  fluid. 
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ARKANSAS  NO.  lO. 
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higniie  from  a  mine  located  7  miles  west  of  Lester,  Ouachita 
County,  on  the  St,  Louis,  Iron  Mountain  and  Southern  Railway,  was 
desfgnatiHl  Arkaniias  No.  10,  The  lignite,  as  worked  from  the  out- 
crop at  this  place,  averages  5  feet  6  inches  in  thickness. 

This  sample  consisted  of  nm-of-mine  lignite  and  was  shipped 
under  the  supervision  of  Jolm  W.  Groves.  It  was  used  in  steaming 
leat  340  and  producer-gas  test  91. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
2G47  was  taken  300  feet  from  the  drift  mouth,  where  the  coal  meas- 
ured 6  feet  6  inches  in  thickness.  Sample  2648  was  taken  in  the  air 
Sourse  300  feet  from  the  drift  mouth,  where  the  coal  measured  5  feet 
ik  thickness. 

CHEMICAL  ANALYSES. 

Arkanfias  No.  10. 


Mine  samples. 


AtMMfttory  No. 
is'HlrjringloM. 


Mofartore 

Volatile  xnatter. 
Find  carbon — 


Hydragen. 
Oubon. 


2647 
32.00 

39.20 
25.35 
22.57 
12.58 
.53 


Nitrogen. 


Sulphur. 


^•loriflc  vaiiie  (as  received): 

Detennined m.*?"u':: 

CalcuUted  from  ultimate  analysis |^^  t^u**" 


3,265 

5.877 


Car 
j  sample.a 


Steaming 
te8t340.& 


2848 
36.70 

41.25 

27.96 

22.08 

7.81 

.50 


*  Car  sample  figured  from  producer-j 
'  Prozimate  analysis  of  fuel  as  fired 


2726 
25.10 

39.43 

26.49 

24.37 

9.71 

.49 

6.96 

36.33 

.68 

45l81 


3,531  ! 
6,356 
3,377  I 
6,079  I 


38.75 
25.82 
22.20 
13.23 
.57 

4.00 
55.88 

1.04 

16.55 

21.60 

.93 


;&s  tfst91. 

;  ultimate  analysis  of  dry  fuol  figured  from  car  sample. 


STEAMING  TEST. 

Arkansas  No.  10  (run  of  mine). 


Test  340. 


'^"^  Mused: 

3  Inch  to  1|  inch p*'r  cent 

1}  Inch  to  1  inch do. . 

I  inch  to  1  Inch do.. 

finch  to  i  inch do.. 

Under i  inch do.. 

porstjon  of  test hours 

^fitting  value  of  fuel B.  t.  u.  p<t  pound  dry  fuel 

^oioe  of  draft: 

Under  stack  damper inch  wator 

Above  fire do.. 

Dry  fuel  used  per  square  foot  of  grate  surface  jxr  hour pounds 

Equivalent  water  evaporated  per*  square  foot  of  wa tor-heating  surface  p<T  hour do. . 

Percentage  of  rated  horsepower  of  boiler  develoi>ed 

Wster  apparently  evaporated  per  pound  of  fuel  as  fired pounds 


36.3 
8.1 
19.3 
15.0 
21.3 
9.0 
9,549 

.82 
1.12 
35.33 
3.71 
ft  104. 0 
2.99 


«  Forced  draft. 


b  Test  represents  maximum  capacity. 
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STEAMING  TEST^-Continued. 
Arkansas  No.  10  (run  of  mine). 


Test  .'MO. 


Water  evaporated  from  and  at  212®  F.: 

Per  pound  of  fuel  as  flred poundB.  .i  3. 59 

Per  pound  of  dry  fuel do 5. 86 

Per  pound  of  combustible do 7. 60 

EfHcieney  of  boiler,  Including  grate per  cent,  .j  59. 26 

Fuel  as  fired: 

Per  indicated  horsepower  hour pounds. .  7. 88 

Per  electrical  horsepower  hour do 9. 72 

Dry  fuel: 

Per  indicated  horsepower  hour do :  4. 83 

Per  electrical  horsepower  hour - do 5. 96 


PBODUCEB-OAS  TEST. 

Arkansas  No.  10  (run  of  mine). 

Test  91. — Duration  of  test,  18  hours.     Average  electrical  horsepower,  128.7.     Aver- 
age B.  t.  u.  per  cubic  foot  of  gai?,  125.3.     Total  coal  fired,  8,250  pounds. 


Coal  as  ir»«.«.N-i    Corabus- 
flred.    |I^Oeoal.      ^.^^j^ 

1 


CoaJ  consumed  in  producer  per  horae power  hour  (jpoundsK  i 

Per  electrical  horsepower:  I  | 

Conrmiernially  arailable 3. 87  ;         2. 34  1. 9<i 

Developed  at  s^^itch  boanl |         3.66  |         2.16  l.Sl 

Per  brake  horsepower: 

Commercially  availa))le 

Developed  at  engine 


EquivcUevt  used  by  producer  plant  (pounds^. 


3.29  1.99  1.67 

3,03  I  1.83  1.54 


I 
4.41  I  2.(>7  ,  2,24 


Per  electrical  horsepower: 

Commercially  available 

Developed  at  switch  Iward '  4.07'         2.*),            2.07 

Per  hrake  horsepower:                                                                                    i  I 

Commercially  available I  3. 75  {         2. 27              1. 91 

Develope<l  at  en^cine i  X45  ■         2.  «W              1. 7t. 

Anuhjsis  of  gas  hy  vohnitt/' 

Carbon  dioxide  (CO,; 13. 5 

Carbon  monoxide  (CO) 14.0 

Hydrogen  ( H,) 9. 2 

Methane  (UL\) 2.  4 

Nitrogen  (N,) m.  9 

AUKAXSAS  XO.   13. 

Bitiiininoiis  .slack  from  mines  at  Denning,  on  the  St.  Louis,  Iron 
Mountain  and  Southern  Railway,  was  designated  Arkansas  No.  13. 

Three  cars  (100  tons)  of  this  coal  were  shipped  by  the  operator 
uninspected,  and  used  for  Imquetting  tests  164f*,  214,  and  221. 

'«  For  jiualy.si.s  of  cojil  see  p.  73  (car  sample  No.  2720). 

''  Briquets  from  this  t«st  were  used  in  water-gas  machine  test.    (See  p.  44.) 


TESTS ARKANSAS, 
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CHEKICAL  ANALYSES. 

Arkanaas  No,  13* 


. 

C4r 

■^mplfl. 

Brlq 

lOtf. 

mmng  tttflUji 

F 

«. 

231. 

Uhratarv  Ko., ,-., .,,..,.,....-, 

37^ 
1.70 

06.13 
17.61 

4620 

JUp^O' illicit,. *,,,.,      _*,  *      .  -  ,  **,  ,  ,.**,  *  .*,H,,.  , 

OlSO 

t.«             1.0A 

L  76' 

Volat^  matter.. ^»„..^. .„,.,,„,..,„-,.. 

15.11 
fla.30 

ifi^in 

15.33 
X&2 

10.  «) 

oaA4 

13,01 
2.4g 

3,«5 

75,63 

1,24 

1.70 

ZS3 

l£t96 

Ti%e4.  e*rboTi-*.---....^, ..,.-..,-.......-------.. ,---*...., 

07. 30 

Aih. ...... ...,,.„. „.. - 

141% 

SulphOT,,. *,,.,....... ,., ..„*.,,..*—_„,,,, 

2.30 

too 

TDiffi 
1.17 
3.73 

17.61 
3,12 

6,810 
]J,312 

6,870 
12,377 

aM 

Carbon ,-•-..*,.,.,  *»,._..,^.. ,. »-^,,.,. .,-,., ^.- 

75.ft5 

NitTn^n,  »*,^.     *.  .          -  ^  .  *  _  .  .*r ...J^^^-.  - 

1.24 

O^ygpn.. ,.,-„.-,., 

\-h; 

1.7J 

STilpfaur.... ,..,,.., ^..»_H, ,.,»-.... ..  -  -  .-- -- 

2,33 

Calorllk  vaJua  (mm  waAxt4}i 

fcalnrle*.. 
"— iB.t.u.... 

{^f:: 

7,  ISl 

12h(06 

CilcuUted  tTQtn  uitEmii^  annlT^i..,,.. 

-♦ 

^'                   1 

1 

«  PnixlTiiat^  riual^r^  of  <^a!  4i  i^?<^lvril;  tiltini<ite  iLtmlyaift  on  dry  bniiSn 


BBIQXJETTIKO  TESTS. 
Arkansas  No.  13  (slack). 
Tut*  lS4\y  2 14 J  i^i' — Size  as  used:  Over  J  inch,  1.4  per  cent;  ^  inch  to  J  inch,  6.2 
l>er  cent;  ^  inch  to  ^  inch,  10.6  per  cent;  |\^  inch  to  ^  inch,  15.8  per  cent;  through 
^  inch,  66  per  cent.  There  was  no  apparent  difference  in  appearance  between 
l>Tiquet8  made  with  7  and  8  per  cent  binder.  Both  were  excellent  briquets,  with 
liard,  smooth  surface,  clean  fracture,  easily  handled,  and  piled  while  warm.  Less 
t>inder  could  be  used  with  increased  pressure.  The  briquets  with  8  per  cent  binder 
made  less  slack  in  handling  when  cold.  Those  with  9  per  cent  binder  were  not  satis- 
^Wtory,  af»  the  pitch  uf»cd  had  a  much  higher  molting  p>oint  and  could  not  be  suc- 
<^<>a8fully  worked  at  tho  prc^ssurc  availal^lo. 


J^tails  of  manufacture: 

Uachine  used 

Temperature  of  briquets **  K 

Binder- 
Kind 

Laboratory  No.  (si-e  p.  40» 


Amount per  cent 

Weight  of— 

Fuel  briquetted pounds 

Briauets.  average do.. 

Heat  value  per  pound— 

Fuel  as  received B.  I.  u 

Fuel  as  fired do.. 

Binder do. . 

Drop  test  (1-lnch  screen* : 

Held JHT  rent 

Passed do . . 

1^ ambler  tost  (1-inch  screen) : 

Held do . . 

Passed  (fines) do. . 

-^  Fines  through  lO-mesh  sievo do . . 

feathering  test: 

Time  exposed days 

Condition ". . 

"iter  absorption: 

In  19  days per  cent 

In  13  days do 

Average  for  first  5  days do 

^P^ific  gravity  (apparent ) 


« Briquets  from  this  test  were  used  In  water-giis  machine  test  (p.  44). 
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Extraction  analyaes. 


Laboratory  No 

Air-drying  loss per  cent. 

Extracted  bvCSs: 

Air  dried do... 

As  FRceived do. . . 

Pitch  in  briquets,  as  ppceived do. . . 


Pitches. 


Briquets. 


Fuel 


4625 


95.20  I 


90.56 


89.31  I 


FLORIDA. 


FliORIDA  XO.  1. 

Peat  from  a  bog  located  at  Orlando,  Orange  County,  on  the  Sea- 
board Air  Line  Railway,  was  designated  Florida  No.  1. 

This  sample  consisted  of  machined  peat  made  by  a  commercial 
process  and  smi  dried,  and  was  used  in  steaming  test  386  and  producer- 
gas  test  117. 

By  this  process  the  peat  first  passes  through  a  condenser,  which  dis- 
integrates the  material  and  destroys  the  fiber.  From  the  condenser 
the  peat  is  elevated  to  a  molding  machine,  consisting  of  a  cylinder  and 
two  vertical  molding  wheels.  Through  the  cylinder  passes  a  vertical 
shaft  to  which  are  attached  revolving  arms  set  in  a  screw  form. 
Between  these  arms  perforat<*d  plates  are  set.  The  peat  passing  into 
the  top  of  the  cylinder  is  forced  down  through  the  plates  to  the  mold- 
ing wheel.  From  the  molding  wheel  the  l)ricks,  which  are  8  by  4  by 
2^  inches,  are  dropped  on  hoards  which  are  being  continually  pushed 
under  the  machine  by  a  link-bolt  carrier.  These  boards,  containing 
f)  bricks  each,  arc  loaded  on  wagons,  oO  to  the  load,  and  are  hauled  to 
the  drying  ground,  where  they  are  allowed  to  lose  from  60  to  75  per 
cent  of  their  moisture  content. 

Two  samples  were  taken  for  analysis.  Sample  3268  is  raw  peat 
just  as  it  comes  from  the  bog,  and  sample  3269  is  one  of  the  bricks 
as  it  came  from  th(».  machine*  before  delivery  to  the  drying  ground. 


TESTS — FLOBrDA. 
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CHEMICAL  ANALYSES. 
Florida  No.  1. 


Bog  samplea. 


Xibomloiy  No 

JUmtryingloM 

^Proximate: 

Moisture 

VolAtUe  matter. 

Fixed  carbon 


Sulphur... 
Ultimate: 
Hydrogen. 

Carbon 

Nitrogen.. 


91.70 

02.41 

4.68 

2.58 

.33 

.05 


Lizygeii. 


Solfdiar 

^aloiiflo  yalue  (as  reoetved): 

Determined ^t^u.'. 

CalenUted  from  ultimate  analy«ia  {r?  t"^! 


84.70 

88.40 

7.28 

3.67 

.75 

.06 


Ca£ 


3870 
9.00 

21.00 
61.72 
22.11 
5.17 
.45 

6l61 
4&67 

2.33 
3&97 


4,616 
8427 
4,338 

7,806 


Steam- 
ing test 


17.21 
61.01 
24.86 
6.93 
.40 

5.18 
67.77 

2.89 
25.20 

8.37 
.60 


•  Figured  from  samnle  taken  from  producer-gas  test  117. 

*  Proximate  analysis  of  fuel  as  firea;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

STEAMINO  TEST. 
Florida  No.  1  (compressed  peat). 


Tesf386. 


IDnrmtlon  of  t^cst  ........ * , , , hours. 

3f MtlnirirHliK^  ot  fiifL............  ■.,.-__....,., ..,»..,.h.  t.  u.  per  pound  of  dry  fuel. 

Totee  of  dmft: 

Under  stjicli;  damper.......... -. inch  water. 

Ahovpflre. ,„, „,,, do... 

Frtmftfe  bfmpemtiir^  *,...♦ ......  ^  ............*. .• ®F. 

litj  ftKk  used  pvt  9t\nAtv  liKJf  of  gTAtt  surface  per  hour . , . , pounds. 

Jtqttimieui  water  eraporateii  per  aqunre  foot  of  wuter-h^ttn;:  surface  per  hour do. . . 

Pfttentae^  of  ra  U>4  horeepowpf  of  rnilli*T  dnvcloTH^l 

^'altr  appanrntiy  PTApflratftl  ptr pound  of  f iipl  as  flred ......  pounds. 

^ttpT rvaporHtwl  fmm  and  jit  212^  F.; 

i*L'r pound  of  fud  an  fired. .............._..... ^_^.......^_.   do... 

Pi?r  pound  of  tlry  funl . .  — ,__..._!. „, do. . . 

Prr  pound  of  eomhufttUile ..^. do... 

KlfMr-Ticv  of  IJoUpf*  Infhidlop?  i?rate. , .,-,, percent. 

Fod  as  flmj : 

Per  Indkated  lionepowrr  hour ...,., ^^,. .,,, ,,^, ...,.,,,- ,  potmds. 

PiT oJectricftL  horwjjiiwiT  hour... ...... do... 

Drjfo*.!: 

FerlndicAtMl  horwjKTWL'rhour. ...._.. ^... _....... ^ do. .. 

Pf^r  fi«tri<!aJ  liof»i'|iowcr  hoiii- ,... _..... do. .. 


4.07 
10,062 

0.69 

.13 

2,467 

33.49 

4.04 
113.2 

4.27. 

5.00 
6.04 
6.63 
57.85 

5.66 
6.98 

4.68 
5.78 


PRODUCEE-GAS  TEST. 

Florida  No.   1  (compressed  peat). 
Test  117. —  Duration  of  test,  50  hours.    .Vverage  electrical  horsepower,  205. 
R- 1.  u.  j)er  cubic  foot  uf  gas,  175.2.     Total  fuel  fired,  29,250  pounds. 


Peat  consumed  in  producer  per  horseponrr  hour  (pounds) 

P'^f  elwtricai  horsepower: 

Conunerciaily  available 

Developed  at  switchboard 

'  ^^  brake  norsepower: 

Conunerclaily  available 

Developed  at  engine 

Equivalent  used  bt/  prodmer  plant  (pounds i . 

P^r  electrical  horsepower: 

Commercially  available 

Developed  at  switchl>oard 

Per  brake  horsepower: 

Conunercially  available 

Developed  at  engine 


Peat  AS 
Qifd. 


2.98 
2.85 


2.53 
2.43 


3.16 
3.03 


2.69 
2.57 


Dr>' 
peat. 


Average 


!    Com- 
I  bustible. 


2.35  ! 
2.25 


2.00 
1.92 


2.50 
2.39 


2.12 


2.20 
2.11 


1.87 
1.79 


2.33 
2.24 


\.«i 
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Ancdysif  of  gas  hy  volume.^ 

Carbon  dioxide  (CO«) 12.4 

Carbon  monoxide  (CO ) 21. 0 

Hydrogen  (H«) 18.5 

Methane  (CHO 2.2 

Nitrogen  (Ht) 45.5 

Ethylene  (Cja«) .' 4 

GEORGIA. 

GEORGIA  NO.  1. 

Bitmninous  coal  from  the  Little  River  bed  at  Menlo,  Chattooga 
County,  on  the  Chattanooga  Southern  Railway,  was  designated 
Georgia  No.  1.  This  coal,  as  worked  from  the  outcrop  at  this  place, 
averages  1  foot  11  inches  in  thickness. 

One  sample,  shipped  under  the  supervision  of  A.  K.  Adams,  con- 
sisted of  lump  coal  over  a  li-inch  perforated  stationary  screen,  and 
was  used  in  steaming  test  481  and  coking  test  173. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
4155  was  taken  1,600  feet  east  of  the  opening,  where  the  coal  meas- 
ured 2  feet  in  thickness.  Sample  4156  was  taken  2,800  feet  east  of 
the  opening,  where  the  coal  measured  1  foot  1 1  inches  in  thickness. 

CHEKICAL  ANALYSES. 

Georgia  No.  1. 


Laboratory  No 

Air-<lrying  loss 

Proximate: 

Moisture 

Volatile  matter. . 

Fixed  carbon 

Ash 

Sulphur 

Ultimate: 

Ilydropeii 

Carbon 

Nitrogen 

Oxygen 


Ash. 


Sulphur 

Calorific  value  detennincd  (as  received). 


Mine  samples. 


Car 

sample. 


4155  I 
1.90  I 

2.40  , 

18.17 

70.09 

9  34 

1.12 


Steam- 
ing t^st 
481.fr 


4156  ' 
2.30 

2.85 
17.14 
72.17 

7.84 
.67 


jCiilones 
••■\B.  t.u. 


14,198 


4320    . 
3.20    . 

3.80 
15.88  , 
65.83 
14.49 

1.27 

4  32 
70.59  I 

1.09 ; 

8.24  I 


7.10ti 
12.791  ; 


3.11 
16.90 
62.77 
17.22 

1.29 

3.92 
70.99 

1.09 

490 
17.77 

1.33 


n  For  analysis  of  th(^  peat  used,  see  p.  77  fear  sample  3270). 

t>  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dr>'  fuel  figured  from  car  sample. 


TESTS — lI^lNOia    ■ 

^'STEAMISa  TEST. 
*       Geoigm  Ko.  1* 
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Teat  ISL, 


OTtji  loch. . „„. „,.. ., ...,.,.,p«"i»iit, 

itni^h  tti  1  iQcli.,.,^„.^*»,.^*^^*<^^^»,.^^*_^<.^*^^___^^^.^.^^..,^..^.^ ,^4.*» do.>. 

jiflds  to  i  Uicb ..„.„. ^...«..^ ....>...>. .,..<.,,.«>,.»*. do,,. 

[Jadii  J  inoij. *.»,,. -,.... ...,. .* , *..,.«....,._....„„dci.,. 

A  TTti^diKOteter..., ««.,..,...  ^ ,..^ .......,„,.....„.^^, ,.,.,*._.»,„ Inch. 

2HuitjoQol  laft, *^,,,^, ,*.**-. __,_.... - ^ .bottfs, 

Hatti^  t'mlac  of  ci>ftl .  * ^,.  ^  ..;„,,.-. , .,,,,,, .,,,,, ,  *B.  t-  ii*  per  pound  dry  coal 

ian»  of  4mft : 

t'ijjii*x  ^tstck  diinipef ,.^^^^.„^^^ »,,».„.„,.*.* ,,*. ,,***♦ Ineh  water. 

Aijoirc  Jlrp _ . , , , ^ . . . do 

D17  coiii  us*d  pi:T  ffquATCi  foot  of  gmti?  aurfact?  per  hour, .,»_....  h  *»....  h  * ,,.. .  poandt. 

£quit'Ml#»t  wAUr  PVHpamti^  pf^^r  Aquan;  foot  of  watfst^ettting  sutta/oa  pmt  hmit. ....  .do. , . 

J^ieentAgt  ol  rated  boraepowcr  of  boLkr  developed.  ^  „*.*^^..^»». ^ ,„. ^... 

'VtUTAptMiTtttly  pv»portit^J  p<?r  pf>uDd  of  coal  ua  flred. potmda. 

Ilfalcr evApomUMi  tram  «nd  &t  212^  F.: 

filrpimxidorcoalaAflivd......... ....do... 

ftrppondoldjTf  coal....,.,  *.,....,,.,..»„.,,„.„, ...„.,„ ,*.,:..*.*,,...,, do.*. 

[_    Impound  of  omubiiitlble... ..k.-. ....do... 

^     ^-Of  boUfir,  iiidudiiiggmti9........ >....... »*.......».. ...,,.„..... per e«nl. 


»fy. 


:^r  indie* te<I  horsepowL^r  bour^ >4,«.«^ . ,..^« «« > . , ,..^...^ ....^,. » .,,..*..,,. ^poondfl, 

eteetdcal  hoMt«(H*wcr  bour. , . . , .  .do. , , 

F^  indicated  hor«epOTf*c  lunir*. ....do..« 


t&a 

0.80 

9,17 

12,B6fi 

0.gl 
.19 

TLm 

Ul.S 

7,» 

a^ 

it.i» 

S7,1S 

a.  Id 

3.90 


COXINO  TEST. 

Geoigia  No.  1. 

Test  17S. — Size  aa  shipped,  IJ  inches  and  larger;  as  used,  raw,  finely  crushed.  Dura- 
tion of  test,  58  hours;  coal  charged,  12,180  pounds;  coke  produced,  8,100  pounds,  66.50 
percent;  breeze  produced,  549  pounds,  4.51  percent;  total  yield,  71.01  percent. 
Poor,  dense  coke.  Large  pieces  of  irregular  size.  Washing  would  probably  improve 
uid  make  fair  grade  of  coke. 

An-ah/ses. 


Coal.      Coke. 


Moisture 3 ,  35 

VolAtUe  matter I  16.54 

Fixed  carbon rifi.07 

JUh I  14.04 

Botphar 1.29 


0.45 

.35 

81.69 

17.51 

1.00 


ILLINOIS. 
IliT^INOIS  >0.  T.o 

Screened  nut  coal  from  a  mine  near  Collinsville  was  clesig:nated 
Dlinois  No.  7  E,  and  was  used  in  steaming  test  516  and  briquetting 
test  244t. 


•  For  other  tests  of  coal  from  thir.  iiiiuo.  mii(i»'  during  1905,  see  Bull.  U.  S.  Geol.  Surv^ey  No.  290,   1906, 
K».57-«0. 
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CHEUCAL  ANALYSES. 

Illinois  No.  7  E. 


Proximate: 

Moisture 

Volatile  matter. 
Fixed  carbon... 

Ash 

Sulphur 


Steaming  I    ^^^ 

testsiaa!    ^aSt* 


14.47 
28.14 
35.16  I 
22.23 
a  73 


6.06 
da  09 
4a  34  I 

2a  51 1 

5.09 


Steaming 
te8t51&« 


Briquet- 

tilWtMt 


Ultimate: 
Hydrogen. 

Carbon 

Nitrogen.. 
Oxygen — 

Ash 

Sulphur... 


I 


a84i 

56.08 
.91 

&82 
2&99 

4.36 


aa 

5a  41 
.« 
5.a 

2S.(H 


a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
t>  Proximate  analysis  of  fiicl  as  received;  ultimate  analysis  on  dry  ImisIs. 

8TEAMIN0  TEST. 

Illinois  No.  7  E. 


Size  as  used: 

Over  I  Inch *. per  cent.  .1 

i  inch  to  1  inch do . ..[ 

}  inch  to  i  Inch do 

Under  J  inch do 

Average  diameter inch. 

Duration  of  test hours. 

Heating  value  of  coal B.  t.  u.  per  pound  dry  coai. 

Force  of  draft: 

Under  stack  damper inch  water. 

Al>ovc  fire do. . . 

In  ash  pit 

Drycoal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-hcatirg  surface  per  hour do. . . 

Percentage  of  rated  horsepower  of  boiler  developed 


Water  apparently  evaporated  per  pound  of  coalas  flrod pounds . , 

Water  evaporated  from  and  at  212*  F.: 

Per  pound  of  Coal  as  fired do 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  gnitf per  cent . , 

Coal  as  lin>d: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do 

Dr>'coal: 

IVr  indicated  horsepower  hour d<» 

Per electric«l  horsepower  hour do... 


Test  516. 


4J 

24.7 
25.1 
4S.4 

0.47 

7.M 

10,»3 

OJK 
.11 

.a 

31.90 
a7Q 

103.7 
4.08 

4.91 

5.71 
8.21 
54.9 

5.71 
7.01 

4.fi 
6.0; 


BRIQUETTING  TEST. 

IllinoLs  No.  7  E  (slack). 

Test  zi'i'f. — Size  a.^  used:  Over  ]  inch,  1.5  per  cent;  ^V  i^^^^^^  ^^  i  in^h,  Cfi  percent 
j\j  inch  to  /y  inch,  14.2  percent;  4V  inch  to  ^V  inch,  22.0  per  cent;  through  j'^  inch,  55.' 
per  (!ent.  Briquets  with  8  per  cent  binder  were  satisfactory,  were  easily  handled  fron 
the  machine  without  breaking,  and  b(M-aine  very  hard  when  cold;  fracture  was  rougl 
and  edges  easily  (Tural)l{Hl,  owing  to  excc^ssive  amount  of  clay  pri»8ont;  outer  Biuiac« 
smooth,  witli  dull  color.     For  analyses  of  briquets  8e<>  top  of  this  page  . 


Details  of  manufac.urc: 

Machine  used Renf . 

Temperature  of  briquecs °y . .  167 

Bimler 

Kind w.  p^. 

Laboratory  No. (see  p.  40) 4806 

Amount per  cent . .  8 

Weight  of— 

Fuel  briquetted pounds. .  12,000 

Briq[uet8,  average do 0. 472 

Heat  value  per  pound- 
Fuel  as  received B.  t.  u. .  8,797 

Fuel  as  fired do ,  16, 021 

Binder do....'  16,864 


Drop  test  (1-inch  screen): 

IJeid percent..'  fi3.i 

Passed : do *».  i 

Tumbler  lest  (1-inch  screen): 

Held do....  K.J 

Passed  (fines) do I2.i 

Fines  through  lO-mesh  sieve.. .  .do 97.' 

Water  absorption: 

In  10  days do 7. 

Average  for  first  3  davs do 1. 

Specific  gravity  (apparent) 1.25 


TESTS — ILIjrN0I8. 
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Es^lracHmt  antdygtt. 


Titeh. 


ritot. 


Brtqiiet*r 


t4bontOT7  No.-... ....,,..,„..,.„„,,.....»» *.. .,.. 

JdrndrytDg  low,,..,... ,..*,...*..„ ., ..,..,.. per  cent. 

AirdiM.,..,..,- ,,. ..„.do.., 

A*  neodTwi*.....,,^. -.....,- ........».„.,* ,..-,. .do... 

in  briquet*.  MWoeiTtBd.. .,...,-,.,„.,,. ..,.,. .. ..*do... 


MiPO 


470d 
lO.l^iO 


1,71) 
S34 

aw 

7.V0 


IIJLIKOIS  NO,  0.0 

Bituminous  slack  coal  from  a  mine  near  Staunton  was  designated 
linoiB  No.  9  C.     One  carload,  shipped  aniiis]>ect^d,  was  used  in 

Ste-aming  tests  (on  britjuet^)  492  and  497  and  briquetting  tests  189, 

190,  233,  and  234t. 

CHEMICAI  AHALYSSS. 


1 

Stoamtil 
490. 

407. 

ting  tp^t 

HfllHintorv  liff  .                     .... 

4347 
l&2i 

£9.M 

4406 

447^ 

14  ID 

17.43 
13.  «0 

aao 

4.31 

7,94 
ltiu4T 

4  (in 

%^i3 

4874 

B3£3«SfiiS.         : 

;t  10 

6Sl67 

.let 

a77 

m34 

4.U 

5.*^ 

Volatile  QiAtter-.^........^^,..,,^^, *— „._„^„.. 

3a  55 

FlUPlJ  ^■H^'h**'*      .  r  1  r    .  .  .  K  ,-r  -  ^       T-*„i                   .       .       ,       ,,    .      ,.  ..>j              *.. 

47.63 

jy^ , ._.,. ......„.._ .. 

mse 

aaioinir  .*-...    ,..,-.., ,...,,          --          ,.**.. 

^£3 

4.44 

Ourbon     . .-....^..^....u  .  ......... ^.....Lu 

4>K44 

I      Htttugea ..* i,„^.,._ -..,1, 

^ 

OlVflBUi    LJ    '    L     .    .1    1    >    ^'               L..      ■     H.   -LI    t-S-.iV.TrTj    .    .                     ,.                            ,,                                                    i 

J13D 

AjZ^r::.::.!:;::;::!:::!!."::;:!::::::::. ::::::::::::; 

14. 10 

a.  73 

'^^"-^ i^^T.. 

C«fcal*t«Jff»njiiltliii*t*Miflljflls M^B^^t"^™  ■ 

5,439 
9,7W 
6,3M 

9,tiJ9 

6.907 

11.713 

«  Proximate  analysis  of  fuel  as  flred;  ultimate  amilysis  of  dn^  fuel  figured  from  car  sample, 
b  Proximate  analysis  of  fuel  as  received;  ultimate  analysis  oh  dry  basis. 

STEAMING  TESTS. 
Illinois  No.  9  C  (English  briquets). 


Test  492. !  Test  497. 


Doratton  of  test 

Heating  value  of  fuel 

Foice  of  draft: 

Under  stack  damper 

Above  fire 

In  ash  pit 


hours. 

.  B.  t.  u.  per  pound  dry  fuel. 

inch  water. 

.do. 
.do. 


Furnace  temperature ^F. 

Dry  fuel  used  per  square  foot  of  grate  surface  p<^r  hour pounds. 

~     ■     *     '        '  '    '  -  -  Mirface    per 


Equivalent  water  evaporated  per  square   foot   of  water-heating 
noar. 


.pounds. 


Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  fuel  as  fired pounds. . 

Water  evaporated  from  and  at  212*  F, : 

Per  pound  of  fuel  as  fired do 

Per  pound  of  dry  fuel do 

Per  pound  of  combustible , do 

BfllcieDcy  of  boiler,  including  grate  (item  7:i> per  cent. 

Foel  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do 

Dry  fuel: 

Per  Indicated  horsepower  hour do. . . 

Pfer  electrical  horsepower  hour do. . . 


10.00 
12,037 

1 
0.91 
.05 

.16  I 


9.38 
12,042 

0.g4 
.18 


3.50 
98.2 
5.51 

6.65 
7.79 
9.37 
62.50 

4.25 
5.25 

3.63  ' 
4.48 


2,605 
19.75 

3.06 
85.9 
5.32 

6.42 
7.77 
9.49 
62.31 

4.40 
5.44 

3.64 
4.49 


•For  other  teats  of  UMd  from  this  mine  (Illinois  No.  9  A  and  Illinois  No.  9  B),  made  during  1905,  see 
U.  8.  Qeoi.  Survey  No.  290, 1906,  pp.  63-60. 
19698,  BuH.  No.  332—08 C 
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Remarks, — Forced  draft  was  used  in  test  492  (on  English  briquets  made  in  tes 
and  natural  draft  in  test  497  (briquetting  test  190).    Briquets  were  burned  wh< 
both  tests,  but  did  not  bum  well  with  natiual  draft;  4.3  per  cent  black  smoke. 
492  made  51  per  cent  clinker;  test  497  made  36  per  cent  clinker. 

BSIQUETTINO  TESTS. 


niinois  No.  9  C  (slack). 

Tests  189,  190,  29S,  2S4.—^ize  as  used:  Over  \  inch,  0.4  per  cent;  ^  inch  to  J 
3.9  per  cent;  ^  inch  to  ^  inch,  14.4  per  cent;  ^  inch  to  ^V  inch,  25.1  per 
through  :j^ff  inch,  56.2  per  cent.  Briquets  with  6  and  7  per  cent  binder  were  i 
factory,  having  hard  surface  but  rough  fracture  without  crumbling;  outer  surfa 
Renfrow  briquets  soft,  although  they  stood  handling  from  machine;  fracture  crui 
but  briquets  tough.  This  coal  requires  high  pressure  to  make  good  briquets, 
analyses  of  liriquets  see  page  81  (briquets' from  test  189  under  *' Steaming  test  ^ 
from  test  190  un^er  'Steaming  test  497  ")• 


Test  189. 

Test  190. 

Test  233. 

Tes 

Details  of  manufacture: 
Machine  used 

12,000 

9,790 
10,276 
16,969 

62.0 
38.0 

77.2 

22.8 
SO.  3 

6 
B 

9.4 

7 
12,000 

a  73 

9,790 
9,943 
16,969 

57.0 
4:^0 

76.2 
23.8 
81.4 

6 
B 

12.0 

Renf.  ' 

Temperature  of  briquets 

Binder- 
Kind 

-F.. 

149 

Laboratory  No.  (see  p.  40) 

Amount 

Weight  of- 

Fuel  briquetted 

Briquets,  average 

Heat  value  per  pound- 
Fuel  as  received 

Fuel  as  fired 

Binder 

Drop  test  (1-inch  screen) : 

Held 

Passed 

Tumbler  test  (1-inch  screen) : 

Hdd 

Passed  (fines) 

per  cent.  - 

pounds.. 

do... 

B.t.u.. 

do.... 

do.... 

p4-rc<'nt.. 

do 

do.... 

.do  ... 

8 

18,000 
0.448 

9,790 

(«) 
16,864 

54.5 
45,5 

87.5 
12.5 

Fines  through  lO-incsh  sieve 

Weathering  test: 

Time  pxpos(»d 

Condition 

Water  absorption: 

In  19  davs 

do.... 

days.. 

p4>rcent. . 

do  .   . 

95-5 

In  13  days 

A v«'ragp  for  first  :\  days 

Specific  g^rt^^tv  (appan*nl  i . .  . 

10.2  1 

do.... 

1.67 
1.146 

2.03 
1.124 

2.43 
1.008 

oNo  test. 

Extraction  analyses 

t  " 

'             I'iU'hcs. 

4.543             4.s<X; 

Fuel. 

4247 
13.  :,0 

.73 
.63 

Test  18e. 

4406 
12.30 

7.18 
6.30 
5.75 

Briquets. 

Test  190.   Tefi 

Laboratory  No 

Air-<lryinK  loss tx'r  c<'nt 

Extract4'dby  CS,: 

Air-dri»'d do.. 

As  n-crivt'd do.. 

Pitch  in  briqu«'ts,  as  n"<"«'ive(l. .     ..do.. 

4473 
15-10 

7.28 
6.18 
5.50 

IW.  !>(»             \H].  <I0 

1 

.■^■■-r 


TESTS ILLINOIS. 


ILlilNOm  KO.  I2,«i 


M 


inniis  coal  froui  Bush,  Williamson  County,  cl  ensign  a  ted  Illinois 
\,  was  No,  5  washed,  and  this  sample  was  shippe<I  uninspected 
I  washed  in  steaming  te^t  463  (on  briquets)  and  hriquettiog 

i*,  177*t^  and  ISl*. 


CESaiCAL  ANALYSES, 
minob  No.  12  B. 


m. 


w  ita  mc«lTfd>t 


ultliiiKt^f  calories  - 


?|caloH 


Car  wunplefli  wpilied. 


4201 
U30 

%.ig 

6.60 

1.06 
2LSE2 


10,781 
10,553 


a»7 

9.€0 

13. 01 

40.  SI 

10.  SO 

'     2.37 

15.31 

lai? 

2.33 

&37 
d2.1« 

£.61 

v — 

U,066 
fl|119 
llpOM 

6,0U 

in,a3D 

1 

422S 


6.99 
10.^1 

1.00 

«.ai 

11.10 


181*. 


&a7 

5a9d 
H.oe . 

?,  41 
4.3£) 

mw  ' 

l.H 
I0v28 
U.7T 

2.  as 


4.09 

7.fi7 
12.53 
a.  74 


imato  analysis  of  fuel  as  fired;  altimnte  analysiH  of  dry  fuel  figured  from  car  sample, 
imate  analysis  of  fuel  as  received;  ultimate  analysis  on  dry  basis. 

STEAMING    TEST. 

Illinois  No.  12  H  (Renfrow  briquets.) 


Test  463. 


test hours. 

leof  fuel B.  t.  u.  p<r  pound  dry  fuel. 

ft  with  reference  to  atmospheric  pn'ssiin*: 

ack  damper inch  water. 


.do. 


ferature "F. 
I)er  squjire  foot  of  grate  surface  prr  hour pounds. 

crater  evaporated  per  square  foot  of  \viit«'r-h«'atiiig  surfac*'  per  hour do. . . 

f  rated  horsepower  of  J»oilor  develofwd 

■entiy  evaporated  pt^r  pound  of  furl  a.^  fin*! pounds. 

•rat«»d  from  and  at  212  °F: 

id  of  fuel  as  fired do... 

id  of  dry  fuel do . . . 

id  of  combustible do... 

boiler,  including  grate ptT  cent . 

ated  horsepower  hour pounds . 

rical  horsepower  hour do. . . 


ated  horsepower  hour, 
rical  horsepower  hour. . 


.do., 
.do.. 


10.03 

12,899 

0.81 

.11 

2,490 

lae? 

3.20 
89.7 
ft.  61 

7.98 
8.58 
9.84 
64.44 

3.54 
4.37 

3.:« 
4.07 


•  tests  of  coal  from  this  niin«'.  made  iluring  \M):t,  s»>r  Ihill.  I  .  S.  (m«o1.  Survry  No.  290,  1906, 
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Remarks. — Test  463  made  on  briquets  from  test  166*.  Burned  slowly  with  short 
flame  and  hot  l>ed;  5  per  cent  black  smoke;  41  per  cent  clinker,  dark-gray  color, 
stuck  to  grate.  Ash  contained  fine  unbumed  coal  due  to  breaking  up  of  fuel  during 
combustion. 

BBIQUETTDIG  TE8T8. 

Illinois  No.  12  B  (washed). 

TesU  166*,  i77*t.  /^/*.— Size  as  shipped:  No.  5.  Size  as  used:  Over  J  inch,  0.2 
per  cent;  ^  inch  to.  J  inch,  3.4  per  cent;  ^  inch  to  ^  inch,  15.2  per  cent;  ^V  i°^h 
to  ^V  inch,  24.4  per  cent;  through  ^  inch,  56.8  per  cent.  For  anal>'ses  of  briquets 
see  page  83.  Analysis  of  briquets  from  test  160*  given  under  ''Steaming  test  463." 
Excellent  English  briquets  made  ^-ith  6.25  per  cent  binder  and  Renfrow  briquets 
with  7  per  cent  binder.  Briquets  easily  handled  when  warm,  although  some  diffi- 
culty was  experienced  in  piling  Renfrow  briquets,  which  stuck  together  owing  to 
low  melting  point  of  binder.  Surfaces  of  all  briquets  were  hard  and  smooth,  with 
rough,  clean  fracture  and  ^arp  edges. 


Tent  166*. 


Details  of  manufacrture: 

Machine  used 

Temporature  of  briquets •*  F. , 

Binder- 
Kind 

La1>oratory  No.  (see  p.  40) 

Amount per  cent. 

Weight  of- 

Fuel  i>riquetted pounds. . 

Briquets,  average do — 

Heat  value  \>qt  pound— 

Fuel  as  received B.  t.  u. . 

Fuel  as  flre<i do — 

Binder do . . . 

Drop  test  (1-inch  screen;: 

Held per  cent . 

Passed do — 

Tumbler  tc^t  (l-inch  screen): 

Held do. . . 

Passed  (fines) do — 

Fines  through  lO-inesh  sieve do 

Weathering  test : 

Time  exposed : days. 

Condition 

Water  absorption: 

In  19  days l>ercent. 

Average  for  first  4  days do — 

Specific  gravity  (apparent ) 


Ilenf. 
131 

8 

100,000 
0.463 

10,784 
11.961 
n.OfiO 

66.5 
33.3 

83.5  i 
16.5  ! 
96.5 

63 
B. 

13.3 
2.15 
1.074 


Test 
177n 

Test  ISl*. 

^^ 

Kenf. 
131 

0.25 

w.  g.  p. 

4543 

7 

51,000 
3.66 

53,000 
0.432 

10,781 
12.155 
16,969 

10.784 
12.076 
16,969 

85.1 
14.9 

65.5 
34.5 

84.5 
15.5 
78.3 

84.0 
16.0 
96.0 

12 
A. 

19 
B. 

8.5 
1.00 
1.101 

15.0 

2.13 

-     1.041 

Kjtt rart um  a /<«///&<•« . 


Lal)oratpr\'  No 

Air-drying  loss percent. 

Extnutwl  by  CS,: 

Air  (Iricil do... 

As  nvcivod do. .. 

Pitch  in  briquets,  as  rcM-rived do. . . 


J'itches. 


4543  I 


99.66  ■ 


Briquets. 
Test  166*.      '^Sl^     iTest  181* 


Fuel. 


4201 
13.30  I 


.02 


4228 

4.10 

6.54 

6.27 
6.40 

6.35 
6.35 

6.  OS 
6.06 

TESTS — ILLINOTS. 


IL.LIHOZS  NO,  19.i> 


^6 


Bituminous  coal  irom  bed  No.  7  at  Zeiglmr,  Franklin  County^  was 
Jessignatetl  Illinois  No,  19,  The  coal,  as  worked  ct  a  depth  of  420 
feet  at  this  place,  averages  6  feet  9  inches  in  thickness. 

Three  samples  were  shipped  under  the  supervision  of  John  W, 
Groves  J  as  follows:  Illinois  No,  19  C  e-onsisted  of  run-of-mine  coal, 
ind  was  used  in  stearaing  tests  420  and  423  anil  producer-gas  tests 
128,  Illinois  No,  19  I>  consisted  of  lump  coal  over  a  6-ineh  hhaking 
screen  and  was  used  in  steanung  test;^  424  and  425.  Illinois  No. 
19  E  consisted  of  screenings  through  a  Ij-inch  shaking  screen  and 
was  used  in  st-eaming  test«  421  and  422. 

One  mine  sample  (No,  3408)  was  taken  for  chemical  analysis 
1,500  feet  southwest  of  the  shafti  where  the  coal  measured  11  feet  2 
inches  in  thickness, 

CHEHICAL  ANALYSES. 

Illinois  No.  10. 


Mlatt 
sample. 

c. 

D. 

E. 

fan. 

«a. 

^4. 

43fi. 

m. 

122. 

UbfiTjiiflty  Ko    •-.. 

flitt 
.45 

8.73 
^41 

12.29 

154 
71.08 

t.m 

&fi7 

0.42 

2gvOS 
SO,  72 

.01 

167 

7U44 

I.S7 

a  61 

1».04 

.07 

^4& 
2».M 
N).2A 
ll.fl6 

112 
70.23 

i.m 

10.74 

12. 74 

.66 

SO.  97 

40.^ 

n,37 

.51 

113 

7a  Bl 

LOO 

ia77 

1        12. 41 

.56 

ao.35 

11.35 

.» 

Its 

70.  47 

LfiO 

to.  70 

12.30 

.05 

IK  75 

^45 

fia07 

Aifc                           ..,.,  . 

11      tnT 

Snlnauir 

61 

Cftrlj«n.„_ 

iia 

71  4S 

Kltrril^Afl                             .    ., 

1  68 

OtTgisn ^^..^ 

9.^ 

Air  \  . .  :. 

12L33 

Solphnf                    -    . 

&^ 

'  PfDziiiutc  Aiuljiil*  of  fuel  a«  Qr^;  ulttmutp  analyRtLFi  ol  diy  fuc^l  figured  irma.  en  r  tamplA. 

aTEAKIKQ  TESTS. 
Illinnif^  Xn.  19. 


r. 


D. 


Tost  42<).    Test  42:5.  '  Test  421    Test  425. 


Site  as  shipped 

Size  as  used: 

Over  1  inch per  cent . . 

4  inch  to  1  inch do 

}  inch  to  i  inch do 

Under  J  inch do 

Average  diameter inch.. 

Duration  of  test hours 

Hftatinj?  value  of  coal,  B.  t.  u.  per  pound 
dry  coal 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 


E. 


Test  421.    Test  422. 


20.  2 

15.8 

23.9 

24.2 

19.5 

215 

10.  1 

18.3 

18.7 

1          30. 5 

4().  4 

32.  9 

1          0.  GO 

0.57 

0.71 

10.  m 

1 

10.03 

10.0 

12,  4.-^1 

12,  4% 

12,416 

0.  6.5 

0.50 

0.f>4 

.12 

.14 

.12 

No.       (S 
lump. 

37.9 
27.4 
15.0 
19.7 
0.91 
10.00 

12,460 

0.65 
.14 


No.       2 
nut. 

18.0 
45.9 
16.6 
19.5 
0.78 
10.0 

12,464 

0.66 
.11 

No.       • 
nut. 


14.4 
410 
17.8 
23.8 
0.72 
10.07 

12.578 

0.(12 
l2 


«For  other  tests  of  coal  from  this  mine,  mudo  during  1905,  sec  Bull.  V.  S.  Geol.  Survey  No.  290.  1906, 
pp.  91-94.     ^ 
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BEPORT   U.   S.   FUEL-TESTING  PLANT,  1906-7. 

STEAXINO  TESTS — Continued. 
Illinois  No.  19. 


D. 


E. 


Dry  eoHl  uaed  jyer  square  foot  of  grate 

surface  per  hour pounds 

Equivalent  water  evaporated  per  square 
foot  of  water-heating  surface  per  nour. 

pounds 

Percentage  of  rated  horsepower  of  boiler 

developed 

Water  apparently  evaporated  per  pound 

of  coalas  flred pounds. . 

Water  evaporated  from  and  at  212°  F.: 
Per  pound  of  coal  as  flred . . .  pounds . . 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Efficiency    of    boiler,    including    grate, 

per  cent 

Coal  as  fired: 

Per     indicated     horsepower    hour, 

pounds 

I'er     electrical     horsepower     hour, 

pounds 

Dry  coal: 

l*er    indicated     horsepower     hour. 

pound  s 

For     electrical     horsepower     hour, 
pounds ' 


Test  420.  Test  423.   Test  424.   Test  425.   Tc«t  421. .  Test  422. 


19.95 


3.35 


6.61 

7.67  j 
8.40 
10.00 

65.26 


3.69 
4.55 


16.94 

2.89 

81.0 

6.66 

7.73 
8.53 
10.12 

65.92  j 
3.66  I 

4.52] 

! 

3.32 
4.09  : 


18.67 

3.18 

89.1 

6.73 

7.81 
8.53 
10.00 


19.33 

3.32 

93.0 

6.79 

7.87 
8.61 
10.09 


66.35 

66.73 

3.62 

3.50 

4.47 

4.44 

3.32 

3.28 

4.09 

4.06 

19.46 

3.30 
92.5 
6.63 

7.70 

8.48 
9.93 

65.76 


lais 

9&0 

6.78 

7.88 
&73 
10.20 

67.03 


3.67 

3.59 

4.53 

46 

3.33 

3.24 

4.12 

iOO 

PBODUCEB-GAS  TEST. 

Illinois  No.  19  C  (run  of  mine). 

Test  128. — Duration  of  test,  50  hours;  average  electrical  horsepower,  141.0;  average 
B.  t.  u.  j)er  cubic  foot  of  ga.*^,  137. S;  total  coal  fire<l,  14,400  pounds. 


Coal  as  I 
flred. 


Coal  consumed  in  producer  per  horsepoutr  hour  (pounds). 

Per  electrical  horsepower: 

Comraen'ially  a vailahlo 

Developed  at  switchboard 

I'er  brake  horsepower: 

rommorciully  available 

Developed  nt  engine 


Equivalent  used  by  producer  plant  (pounds). 


Per  electrical  horsepower: 
Commercially  available. 

Developed  at  switchboard . . 

I'er  brake  horespower: 

Commercially  available. 
Developed  at  engine 


Drv 
coal. 


Combu*- 
tibk". 


2.20 
2.04 


1.87 
1.74 


2.40 
2.23  i 

2.04  I 
1.90 


1.98 
1.84 


1.68 
1.57 


2.16  I 
2.01  I 


1.84 
1.71 


1.76 
1.64 

l.« 
1.39 


1.92 
1.7S 


1.63 
1.52 


Coal. 


Analyses, 


Oas  by  volume. 


Moisture 9.82  |  Carbon  dioxide  (COt) 11.6 

Volatile  matter 29.  64  Carbon  monoxide  (CO) laS 

Fixed  carbon 50. 34  I  Hydrogen  (Hi) 16.5 

.\sh 10.20  Methane  (CH«) 1.9 

Sulphur 49  !  Nitrogen  (Ns) 52.9 

,  Ethvlcne  fCjH^) 3 


TESTS — ^ILIilNOIS. 
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UiliLNOIS  NO.  20. 

Bituminous  coal  from  Staunton,  Macoupin  County,  on  the  Litch- 
field and  Madison  Railroad,  was  designated  Illinois  No.  20. 

This  sample  consisted  of  screenings,  and  was  shipped  by  the  oper- 
ator, primarily  for  washing  tests.  It  was  used  in  steaming  tests 
(washed  coal)  292,  301,  and  302;  washing  test  142;  coking  tests  106 
(raw)  and  107  (washed) ;  and  mixed  with  Kentucky  No.  2  B  (coke 
breeze,  see  p.  159)  in  briquetting  tests  103  and  104. 

CHEMICAL  ANALYSES. 

Illinois  No.  20. 




Car 
sample. 

2731 
12.40 

14.68 
;        31.32 
'        40.32 

13.68 
3.88 

5.41 
55.21 

1.00 
20.82 

Steaming  tests.a 

292. 

301. 

302. 

Uboratoiy  No 

Air-diving  leas 

PioiSitI: 

Moisture 

VnUtiY^  TTfiLfitAr          ,  ,      , 

14.52 
31.98 
3a  01 
15.49 
4.32 

4.28 
62.59 

1.14 

8.82 
18.12 

5.05 

16u51 
32.17 
40.87 
10.45 
3.25 

4.66 
«>8.11 

1.23 

9.60 
12.51 

3.89 

16.36 
33.54 

Fixed  cArbon                              • 

39.84 

Aah 

10.26 

Sulphur 

Hydrogen 

Carbon 

Nitrogen 

S5P?" : ; 

3.22 

4.68 
68.34 
1.23 
9.63 
12.27 

Sulphur - - 

3.85 

GUorific  value  (as  received) : 

Detennined 

/"calories  . . 
JB.t.u... 

/calories  .. 
\B.t.u... 

5,585 
;       10,053 
'        5,517 

9,931 

Calculated  from  ultimate  analysis 

•  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of. dry  fuel  figured  from  car  sample. 

STEAMING  TESTS. 

lUinoLs  Xo.  20  (washecl  ^<(T('ening8). 


Sixe  as  used: 

Over  1  inch percent.. 

4  inch  to  1  inch do 

}inch  to  J  inch do 

Under  *  inch do 

Duration  of  test. hours. . 

Kind  of  grate 

Heating  value  of  coal B.  t.  u.  per  pound  dry  coal. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperature **F. . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds . . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface 
per  hour pounds . . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  api>arently  evaporated  per  pound  of  coal  as  finnl i>ound8. . 

Water  evaporated  from  and  at  212*'  F. : 

Per  pound  of  coal  as  flrod do 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

EflSciency  of  boiler,  including  grate per  cent. . 

CoalastLred: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do — 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


Test  292.    Te.8t  301. 

Test  302. 

20.1 
22.9 
18.7 
38.3 
9.8 

17.1 
27.7 
23.7 
31.5 
9.95 
Rocking. 
12,506 

22.5 
:8.1 
21.9 
27.5 
9.02 
Rocking. 
12,. 5** 

11,425 

0.53 

.10 

2,020 

15.49 

0.57 
.30 

0.53 

.17 

2,708 

24.61 

a-).  69 

2.37 
66.3 
5.47 

3.54 
99.3 
5.57 

3.81 
106.7 
5.74 

6.55 
7.66 
9.61 
64.75 

6.71 
8.04 
9.43 
62.06 

6.91 
8.27 
9.57 
63.65 

4.32 
5.33 

4.22 
\         KVk 

4.09 
5.05 

3.69 
4.,% 
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REPORT  U.   S.   FUEL-TESTING  PLANT,  1906-7* 


WASHINO  AND  COKINO  TB8TS. 

Illinois  No,  20  (screenings). 

Washing  trst  142. — Jig  used,  Stewart.     Raw  coal,  63,280  pounds:  washed,  57,00( 
pounds;  refuse,  6,280  pounds. 

Coking  tests. 


;  Test  106  ;  TMtlO? 
(raw).       (w.) 


Sire  as  used 

Duration  of  test hours. . 

Coal  charged pounds. . 

Cokeproduccd fcr^i;; 

Br«,»prod.H>ed f^l^iV. 

Total  yield do. . . . 


Remarh. — Test  106:  Dull-gray  color;  dense*;  cross  fracture  of  coke  bad;  ash  an 
sulphur  ver\'  high.  Test  107:  Dull-gray  color;  a  little  deposited  carbon;  ash  and  su 
phur  not  materially  reduced  by  washing;  physically  better  than  coke  from  raw  coa 
percentage  of  breeze  shows  large  reduction. 

Analyses. 


Moisturi' 

Volatile  mutter., 

Fixetl  carbon 

Ash 

Sulphur 


Washing  test  142. 

Coking  test  106. 

Coking  test  107. 

Raw 
coal. 

Washed 
coal. 

Coal. 

Coke. 

Coal.         CokP. 

14.68 
31. 32 

16.80 

17.04 
32.59 
40.77 
9.60 
3.23 

0.57 

.66 

82.49 

16.28 

3.01 

14.36  0.! 
34.61 

40.32 

42.63          8i^ 

13.68 
:i.S8 

10.26 
3.21 

8.40  li' 
3.23            2.. 

BRIQUETTING  TESTS. 
Illinois  No.  20  niix<*(l  wilh  Kentucky  No.  2  B. 

Tests  KjS,  JO'i. — Size  ii8  shipped,  breeze'  through  1-inch  coke  fork  and  coal  scrwr 
inga.  Machine  us«*d,  English.  Temperature  of  briquets,  179.6  °  F.  Kind  of  bindei 
coal-tar  piteli.  Amount  of  l)inder,  0  per  cent.  The  flowing  point  of  the  binder  u?o 
(laboratory  No.  2729)  was  255°  F.,  and  r)1.2  per  cent  of  the  sample  as  received  wa 
extracted  by  CS^.  All  other  data  concerning  this  binder  were  lost  in  the  fu^.  Woigl 
of  fuel  briquetted,  2,000  p^ninds. 

Briquets  made  from  coke  breeze  with  20  per  cent,  33 J  per  cent,  and  47  per  cent  coa 
using  0  per  cent  pitch,  were  easily  broken  in  handling;  coke  breeze  was  washed,  on* 
half  used  wet  and  one-half  put  tlm)ugh  drier.  Briquets  ma<le  with  dried  fuel  handk 
better  when  hot,  but  there  was  no  difference  in  the  two  briquets  when  cold.  Washt 
breeze  was  too  high  in  ash  for  satisfactory  fuel. 

These  briquets  were  used  in  a  preliminary  test  in  switching  locomotives.  Brique 
with  20  per  cent  coal  burned  too  slowly  for  switching  service.  Briquets  with  33 ^  p 
cent  coal  were  satisfactory'  for  switching,  but  l)umed  too  slowly  for  frt^ight  or  passeng 
service.    Briquets  with  47  per  cent  coal  were  satisfactory  for  all  services. 


TBST& — ^ILLINOIS. 
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IliliENOIS  NO.  21. 

Bitumihons  coal  from  Troy,  Madison  County,  on  the  St.  Louis, 
Troy  and  Eastern  Railroad,  was  designated  Illinois  No.  21.  The 
coal  as  worked  at  a  depth  of  275  feet  at  this  place  averages  5  feet  in 
thickness. 

This  sample  which  was  taken  under  the  inspection  of  John  W. 
Groves,  consisted  of  lump  coal  over  a  2J-inch  screen.  Five  40-ton 
cars  were  shipped  to  the  testing  plant,  three  of  which  were  sent  for 
an  endurance  test  on  the  producer  and  the  other  two  for  a  complete 
aeries  of  tests,  as  follows:  Steaming  tests  315  and  316  (washed  coal) 
and  318  (on  briquets),  producer-gas  test  105,  washing  test  160,  coking 
tests  126  and  137  (washed  coal),  and  briquetting  test  113. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2771 
was  cut  800  feet  northwest  of  the  bottom  of  the  shaft',  where  the  coal 
measm^  5  feet  8  inches  in  thickness.  Sample  2770  was  cut  1,500 
feet  southeast  of  the  bottom  of  the  shaft,  where  the  coal  measured  4 
feet  11  inches  in  thickness. 


CHEMICAL  ANALYSES. 

Illinois  No.  21. 


Mine  samples. 


Car  samples. 


Steaming  testa.a 


315. 


316. 


318. 


Ifboimtory  No — 

JjNiiying  loas 

Moisture 

Volatile  matter 

Fixed  carlx>n 

Ash 

m^^r 

Hydrogen 

Carbon 

Nitrogen 

ASf.";.:::::::::::::::;: 

Sulphur 

C»lorlfi9  value  (as  received) : 

I>etermined fB^^^; 

Calculated    'romj^^ 
ultimate   anaU^?".^*- 
ysiH....     jB.t.u.. 


2770 
10.60 

15.23 
31.42 
44.32 

9.o:^ 

1.59 


2771 
13.30 

17.79 

28.78 

42.34 

11.09 

1.40 


2852  I 
10.40  I 

15.54 
31.26 
42.27 
lO.ftJ  ! 
1.38  j 

5.59  . 
58.02    . 

1.00  ^ 
22.90    . 


6,056 
10,901 


.5.8;J7 
IO,5()7 

5,(>.'->5  I 
10.179  I 


2920 
&20 

15.30 
30.59 
43.40 
10.71 
1.43 


14.95 
30.33 
40.96 
13.76 
1.60 

4.30 
65.89 

1.23 
10.43 
16.18 


15.07 
30.78 
41.90 
12.25 
1.27 

4.  SO 
67.62 

1.27 
10.69 
14.42 

1.50 


17.31 
30.40 
42.28 
10.01 
1.28 

4.41 
70.01 

1.32 
10.61 
12. 10 

1.55 


« Proximate  analysis  of  fuel  as  firod;  iiltiinato  analysis  ol  dry  fuel  figured  from  car  sample. 

STEAMING  TESTS. 

Illiiioi.s  No.  21  (lumi)). 


Test  315.   Test  316.   Test  318. 


(«) 


Size  as  used: 

Over  1  inch percent..  34.0  )  33.6 

♦  inch  to  1  inch do....  21.3  20.6 

{inch  to*  Inch do...  18.1  16.2 

Under  J  inch do... I  26.6  1  29.6 

«On  briquets  which  were  broken  in  two.     The  fuel  cracked  to  center  into  coke  fragments  and  held 
together  until  eonsimied.    Percentage  of  clinker  large. 
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STEAUHO  TESTS — Continued. 
IllinoiB  No.  21  (lump). 


Test  315. 


I 


Duration  of  teat hours. 

Heating  value  of  fuel B.  t.  u.  i)er  pound  dry  fuel. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do. . . 

Furnace  temperature **F. 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surtaoe 

per  hour pounds. 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  fuel  as  fired pounds. 

Water  evaporated  from  and  at  212*  F.: 

Per  pound  of  fuel  as  fired do. . . 

Per  pound  of  dry  fuel do. . . 

Per  pound  of  combustible do. . . 

Efficiencv  of  boiler,  including  grate per  cent. 

Fuel  as  fired: 

Per  indicated  honKipower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  coal: 

Per  Indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


14.88 
11,945 

a63 

.16 

2.4B0 

2a  05 

3.27 
91.6 
5l76 

6.94 

8.16 

9.05 

6&97 

4.07 
S.CR 

3.46 
4.28 


Test  316. 


Test  SIS. 


iao3 

12,240 

O.SB 

.15 

2,401 

20.06 

3.19 
89.3 
5l67 

6.76 
7.96  I 
9.53 
62.80 

4.18 
5l16 

3.55 
4.39 


7.3 
12,  K» 

0.76 

.04 

2.508 

25.30 

ill 
11&3 

6.7:1 

RM 
9.40 
63.04 

420 
5l19 

3.47 
429 


o  Too  short  for  reliable  results. 

PBODUCEB-GAS  TEST. 

Illinois  No.  21  (lump). 

Test  105. — Duration  of  test,^  562  hours;  average  electrical  horsepower,  191.7;  aver- 
lure  IJ.  t.  u.  per  cubic  f(K)t  of  gas,  150,1 ;  total  coal  fired,  208,350  pounds. 


('(Mil  consumed  in  producer  per  horsepower  hour  (pounds). 

Per  olfftrical  horsepower: 

Conimorclally  Hvalliiblo '  2.04 

Dev«'lop<?d  ut  Hwiteh])oard :  1.93 

P('r  bnik*'  horsepower: 

Comrnorclally  u vulla]>U' 1 .73 

Developed  at  ongine i  1 .64 

Equivalent  used  by  producer  plant  (pounds).  \ 

I 
Per  eUiCtrical  horsepower:  . 

Commercially  available 2.18 

Developed  at  switch>K>ard 2.07 

Per  brake  horsepower: 

Commercially  available* 1 .85 

Devf'lop<'d  at  engine |  1.76 


D,ycoa..|Combu. 


1.74 
1.65  I 


1.47  I 
1.40  I 


1.86 
1.77 


1.58  . 
1.50 


1.50 
1.43 

1.28 
1.22 


1.61 
1.53 

1.37 
1.30 


Coal. 


Analyses. 


Moisture H.  68 

Volatile  matter 30.98 

Fixed  carbon 42. 93 

Ash lljl 

Sulphur 1-33 


Oas  by  volume. 


Carbon  dioxide  (C0|) 9.2 

Carbon  monoxide  (CO) 20.9 

Hydrogen  (IIi) ],  15.6 

Methane  (CII«) 1.9 

Nitrogen  (Nj) 52. 0 

Ethylene  (C»n«) 4 


a  See  p.  26. 
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WASHINO  AND  COKENO  TESTS. 

Illinois  No.  21  (lump). 

Washing  teat  160. — Size  as  used,  crushed  to  2  inches.   Jig  used,  Stewart.    Raw  coal, 
7,000  poundB;  washed,  14,640  pounds;  refuse,  2,360  pounds. 

Coking  tesUs. 


Test  126 

(raw). 


bBMoaed ,  f.d. 

Hmitkmofteflt hours..!  ** 

otlduused pounds..'  12,000 

okBprodboed *  None. 


Testis? 
(wMdied). 


f.c. 

46 

11,600 

None. 


Remarks. — ^Test  137:  Product  a  mixture  of  unbumed  coal  and  slightly  coherent 
aaa  of  coal  of  original  size,  showing  no  trace  of  cell  structure.     All  volatile  expelled. 

Analyses. 


Washing  test  100. 


Raw 
coal. 


loisture I  15. 30 

olfttUe  matter i  30. 60 

^xed  carbon I  43. 40 

*li I  10.71 

Qtphur I  1.43 


8.25 


8.09 
1.25 


Coking 
testis 
(coal). 


13.37 
31.17 
43.15 
12.31 
1.46 


Coking 
testl37 
(coal). 


17.45 
30.01 
44.74 
7.80 
1.10 


BBIQUETTING  TEST. 

Illinois  No.  21  (lump). 

Ted  J  IS. — Machine  used,  English;  temperature  of  l)riquets,  179.6°  F.;  kind  of 
'inder,  coal-tar  pitch;  lalwratory  No.  2933  (see  p.  40);  amount  of  binder,  5  and  6 
tT  cent;  weight  of  fuel  briquetted,  14.000  pounds.  B.  t.  u.  per  pound  of  coal  as 
^ived,  12,440;  per  pound  of  briquets  as  fired,  12,469;  per  pound  of  binder,  15,937. 
briquets  made  with  5  per  cent  binder  were  hard  and  firm,  and  stood  rough  hand- 
ng.  Weathering  test:  Days'  exposure.  75:  condition  of  briquets  made  with  5  per 
fnt  binder,  B. 

IJ^I.INOIS  >0.  2*J. 

Bituminous  coal  from  Maryville,  Madison  County,  on  the  St. 
x)uis,  Troy  and  Eastern  Railroad,  was  designated  Illinois  No.  22. 
'he  coal,  as  worked  at  a  depth  of  260  feet  at  this  place,  averages  7 
?et  6  inches  in  thickness. 

Two  lots  of  coal  were  shipped  from  tliis  locality  under  the  super- 
ision  of  John  W.  Groves.  The  fu*st  lot,  Illinois  No.  22  A,  consisted 
f  lump  coal  over  a  4-inch  perforated  shaker  screen.  It  was  used 
1  making  steaming  tests  324  (raw),  325  (raw),  and  328  (washed); 
roducer-gas  test  102;  and  washing  test  151.  The  second  lot, 
llinois  No.  22  B,  consisted  of  nut,  j>ea,  and  slack  coal  which  was 
Teened  through  a  2-}nch  ]>erforated  screen.  It  was  used  in  mak- 
ig  w^ashing  test  150;  coking  tests  117  (raw)  and  118  (washed); 
id  cupola  test  125. 
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Two  mine  sampleH  were  taken  for  chemical  analysis.  Sai 
2772  was  cut  300  feet  south  of  the  bottom  of  the  shaft,  where 
coal  measured  8  feet  2  inches  in  thickness.  Sample  2773  was  U 
2,500  feet  north  of  the  bottom  of  the  shaft,  where  the  coal  measi 
7  feet  1 1  inches  in  thickness. 

CHEMICAL  ANALYSES. 

lUinoiH  No.  22. 


I>al)orat<iry  No 

Alr-<lryiuK  low» 

Proxlmoto: 

Mointiiro 

V'olatiln  niuttf'r 

Klxwl  rar»H>n 

A«h 

Hiilphtir 

ritlmatp: 

Ilydrogon." 

ChfIkhi 

Nltn»r''ii 

Oxygon 

A«h 

Kiilpliur 

('Bloriflir  viiUu*  (hh  n-ceivfd; : 

DctorminM {n.^t^;,"": 

CalculultHl  from  | 


Mlno  8amplM. 


'2772 
9.20  , 


13.51 
34.04  I 
41.70  I 
10. 15 
4.01 


Car  samples. 
A.       •       B. 


0.045 
10.881  , 


5.90 


5.21 
57.35 

1.00 
18-09  I 


iiUlmntt^  unnl- 
ynin . 


calorlwi. 
B.  t.ii... 


5.897  j 
lO.filS 


10.388  I 


2H06 
11.20 


13.83 

11.91  , 

13.03 

34.16 

35.65 

32.65 

42.24 

39.43  • 

39.79 

9.77 

13.01    : 

14.53 

4.10 

5.34 

4.35 

5.25 

55.94 

.89 

19.04 


I 


5,662 
10.192 

5,607 
10,003 


Steaming  tests.* 


324. 


225. 


11.50 
33.44 
39.27 
15.79 
6.24 

4.18 
61.77 

1.07 

8.00 
17.84 

7.05 


I 


10.53 
35.63 
40.04  i 
13.80  , 
6.07 
I 

4.33  : 
63.97 

1.12 

8.37  I 
15.43  ' 

6.78  i 


«  Proxlinalo  aiialyHis  of  fiiH  uh  flnnl:  nltiniato  analysin  of  <ir\'  fuel  flgumd  from  car  sample. 

STEAMING  TESTS. 

Illiiioi.s  No.  22  A  (lump). 


,  Teat  324 
(raw). 


H\7.v  iiH  ii»<mI; 

Ovrr  I  IjjcIj percent..  84.6 

A  liuli  t<.  I  iJirh do... I  5.8 

J  Inch  to  '.  Inch do...."^  3.5 

ruder  J  Inch do...-!  6.1 

AveraK''  diameter Inches,  .i  4 

Duration  of  te«t hours. .[  9.93 

Heating  value  of  coal H.  t.  u.  per  pound  dry  coal.  .1  11,484 

Fon'e  of  draft: 

I'nder  Htack  damper inch  water..'  0.59 

A  hove  fire <Io .20 

Furnace  temperature *^F..'  2,850 

I)ry  coal  uh<m1  per  Htpiare  foot  of  prate  surfiu-e  per  hour pounds. .  23.08 

Kcjuivalent  water  evaporatwl  per  square  foot  of  water-he«ting  surface 

I)er  hour poiinds. .  3. 60 

Tercentage  of  rato<l  horsepower  of  lK)ller  developed 100. 9 

Water  apparently  evaporatwi  per  pound  of  coal  as  fired pounds. .  5. 78 

Water  evaporatwl  from  and  at  212'"  F.: 

Per  pound  of  coal  as  fired pounds. . '  6.91 

I*(^r  pound  of  dry  coal do 7. 81 

Per  poiind  of  corabustlhle <lo 9.70 

Edlciencv  «»f  boiler,  including  irrate per  cent. .  65. 67 

Coal  as  firerl: 

Per  indicate<l  horsepower  hour pounds. .  4.09 

Per  electrical  horse[MJwer  hour do 5.05 

Dry  coal: 

Perlndicate<l  horsepower  hour do 3.(3 

Per  elect  rical  horsepower  liour do 4. 47 


Test  325    Tes 

(raw),     (waj 


87.4 

5.4 

6.2 

4.6 

4 

10 

11,876 

0.54 

.18 
2,828 
22.61   ■ 

3.ro 

101.0  I 
5.92 

7.14 

7.97  I 

9.61 

64.81  { 

3.96  ' 
4.80 

3..«l 
4.38 
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PHODUCEE-GAS  TEST. 

nimoifl  No,  22  A  (lump). 

t — Ihiration  of  t^t,  47  h^nira;  averiign  electrical  bonepow^,  I#6.6;  i^vofii^ 
if  cubic  loiit  of  gas,  I§d  J;  total  coal  fired,  16,300  pounds. 


CtMm 

ma. 

0f7OCHa. 

Com- 

oOTMMmfil  tn  prodnetr  per  h^^epe^tr  ktmt  (pounds). 

ii  hdxisepower: 

relally  «viiUjLbl« „, ;...... 

i.n 

1.50 
LTD 

i.sr 

1.42 

1.33 

1.77 
l.U 

1.51 
Ml 

L4S 
1  33 

i.ai 

ledAteQglm...*^ 

143 
1,M 

id4it  nwItHihn«rd .  i . 

1  13 

nelairy  avuiiuUlv.......... .,.,...„.„„ 

l.Sg 

cd  At  e^n^tnc 4...-,4..  -_-,-^^ - , -i. 

U30 

Analyses. 


Ooai. 

11.29 

Go*  by  volume. 
Carbon  dioxide  (C0|) .... 

9.4 

ttar... 

35.60 

39.04 

Carbon  monoxide  (CO) 

20.2 

in 

Hydrogen  (Hi) 

13.7 

13.17 

Methane  (CH*)     . 

2.0 

4.88 

Nitrogen  (N^).... 

Ethylene  (Ct  1 1«  i 

64.0 

7 

ped. 


WA8HIN0  AND  C0XIN6  TESTS. 

Illinois  N(».  22. 
Washitiff  te^its. 


Test  151      Test  150 
(A).  (B). 


Cokijui  ttsti>{B). 


Test  151 

(A). 


I.  sc.    !  Haw  coal pounds..! 

er.to2"  sc.       Waah<'d  eoui do 

Stewart.      Stewart.  '  KvUiae do 


19,400 
17,000 
2,400 


Test  150 

(B). 


40,000 
32,000 
8,000 


ped 

te.st liours. 

d pounds. 

^^  |.   ..do... 
I  per  cent . 

uced IpouiKls 

Ifjor  cent. 
do... 


i. — Tt'st  117:  Dull-gray  rnlor.  l)n'aka^'<'  very  irrcjxular.  diK'  to  high  percentage 
ish  and  sulphur  higli;  pnor  coke.  Test  liS.  Light-gray  color,  with  heavy 
t  due  to  necessity  of  closing  drafl  after  24  hours.  Charge  held  in  oven  148 
sh  reduced  by  washing.  Will  j)n)hably  make  fair  coke  under  proper 
i. 


Test  117 

Test  118 

(raw). 

( washed  K 

sc. 

sc. 

f  c. 

f.  c. 

45 

76 

10,000 

12,000 

5,046 

5,616 

50.46 

46.80 

5W 

574 

5.34 

4.78 

5.5.80 

51 .  58 
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AnaluBes. 


WatfhiDK  test  151   Wi 


-tf' 


Mhiiw tMt  150  CokingU 

(B).  J  (B) 


tMt  150  Cokinff  test  117   Cokimr  teit  lift 


kingte 


!  coal.        coaL        coal.        coal.     ,  ^**^       ^^-  I  ^^^^     ^^'^ 


MoUtuie '  11.91         1402  13.0? 

Volatile  matter 3&65  32:66 

Fixed  carhoo 39. «  ».7» 

Ash 13.01            8c  58  14  53 

Sulphur 6l34           3.69'  435 


16l78 


9.99 
3.79 


11.96 

0.96 

33.87 

.72 

37.72 

72.18 

16l43 

26l12 

474 

461 

16l19. 
3414 
30.53  I 

iai4i 

3.79 


a6& 

L60 
8a76 
l&tt 


Cupola  test  of  coke  made  from  Illinois  No.  22  B  coal  (fcashed). 
CII.VRGE. 


CupoU 
t««t 
No. 


125 


''^*'^:_  Fluid- 


Divisinns  of  charge. 


ToUl. 


r 


Perrt. 

r(  oke 

9R.61   HMgiron... 
IScrap 


Lbs. 
210 
630 
210 


I 


Lb*. 
55 
405 
135 


Lbt. 
55 

405 
135 


I    Lbs. 

I  55 

i     *» 

135 


X^.  Lbt. 

56  O) 

405  2.350 

135  '» 


Blast  preasurp. 


Cupola 

tPAt 

No. 


Iron 

nm- 

Maxi-     ning 

mum.      in— 


«  Sulphur  in  a.sh.  0.05  per  cent. 
RECORD  OF  MELT. 

Weight  of  iron. 


Melting. 


Recovered. 


Addi-  ' 
Pourwl.  tionnl    Total.  Time. 
niclto<!. 


Or. 


Vin. 


125     :i.(»4p.  m. 


Lhs. 
1.101 


Lbs.       Lbf. 
.-Ko     1.51« 


.Vin. 


Rate 


Ratio 
^^--'co'ke.l 


Ix>88.    Iron.  Coke- 


Lb8. 


34  i  2.675 


Per  rt.    Lbx.    Lht. 

3.92  :   aao  1.280       ^ 


Larlle  No 


LADLE  RECORD. 
To;<t  IJ,'). 
!'oiinfl«<. 


Tiriio 
I  p.  III.). 


Iridic  No. 


Test  125. 
Poimd.M 


Sf) 

74 

<Mi 
Kl    ■ 

04 : 


.1*21)  10... 

ii.'JOj  11... 

:i.'2:i  12... 

3.24  13... 

:i.2«i  14... 

3214  15... 

3.31  ir.... 

3.32  17... 
3. 32i 


79 

m 

105 
29 
92 
24 

:« 


Time 
(p.m.'. 

3.33 

3.38 

3.38i 

3.39 

3.39i 

3.44 

3.45 

3.46 


Remnd's.     Tost  1L*5:   Inm  Imt. 

ILLINOIS  X<).  23. 

liituininous  coal  from  Donkvillc.  Madison  County,  on  the  St. 
T^ouis,  Troy  and  Eastern  Railroad,  was  desi<rnaU»d  Illinois  Xo.  23. 
Tlio  coal,  as  worked  at  a  depth  of  145  feet  at  this  place,  averages  6 
feet  in  thickness. 

This  sample  consisted  of  two  lots  of  coal  and  was  shipped  under  the 
supervision  of  John  W.  (iroves.  Illinois  No.  23  A  consisted  of 
"superior  lump"  over  a  o-inch  perft)rated  screen,  and  was  used  in 
steaniinjr  tests  300   (raw)   and  317   (washed);  producer-gas  test  98; 
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WBi  146;  and  cokint^  test  111.  Illinois  No.  23  B  consisted 
5oal  through  a  2'^inch  perforated  screen,  and  was  used  in 
tests  (on  hriqiicttt)  321  and  322;  producer-gas  test  100; 
\mi  147;  coking  tests  112  and  114,  both  on  washed  coal; 
etting  tt*st  116. 

ine  samples  were  taken  for  chemical  analysis.  Sample  2774 
,800  feet  northeast  of  the  shaft,  where  the  coal  measured  6 
h  in  thickness.  Sample  2775  was  cut  4,000  feet  northwest 
ft,  where  the  ooal  measured  6  feet  2  inches  in  thickness. 

CHEMICAL  ANALYSES. 

Illinois  No.  23. 


Atter. 
>on... 


)  (as  received) : 
.         /calones. 
^ iB.t.u.. 


Car  samples. 


Steaming  tests.a 


Mine  samples. 


a06. 


317. 


321  and 
322. 


2774  i 
8.90  I 


2775 
9.70 


13.07  12.79 

34.85  '  35.67 

42.02  40.25 

10.06  11.29 

3.59  3.94 


2819 
11.50 

13.47 
34.35 
40.65 
U.53 
4.41 

5.63 

57.61 

.91 

19.91 


2803 
13.20 

15.68 
31.28  , 
37.45 
15.50  ' 
3.98 

5.42 

52.89 

.90 

21.22 


14.49 
32.37 


14.64  * 
36.72  1 


13.54 
•  36.33 


6,083 
10,949 


5,839 
10,510 

5,836 
10,505  I 


5,364 
9,(>55 

5,317 
9,571 


30.09 

40.76 

41.67 

13.45 

8.88 

8.41 

4.62 

3.23 

3.21 

4.62 

5.03 

4.86 

64.36 

70.04 

60.30 

1.02 

1.10 

1.14 

8.87 

9.65 

11. S6 

15.73 

10.40 

9.73 

.5.40 

3.78 

3.71 

late  analysis  of  fuol  as  firvd;    ultimato  analysis  of  dry  fuel  flgurp<l  from  car  sample. 
STEAMING  TESTS. 
Illii;oi.s  No.  23. 


.\  (liiinp). 


n  (slack). 


lest.iOd.     ^'^^J.;^'"    Test  321.    Test  322. 


h per  cent . 

inch <lo . . . 

inch <!«»... 

ch do... 

'St hours. 

of  fuel H.  t.  u.  ixT  pomul  <tf  dry  fin>l. 

pk  damper 


inch  Wilier. 

d(»... 

crature "  F 

3crsqiiiircfoot  of  grate  .siirf.ice  jht  hour. pounds 
Iter  evap)orated  p<^'r  square  foot  of  water-heat- 

yoT  hour pounds. 

rated  horsepower  of  boiler  de\  elojM'<l 

»ntly  evaporated  por  pound  of   uiel  as   tin^d. 


a  ted  from  and  at  212°  V. 

of  fuel  as  fired 

of  dry  fiiel 

of  combustible 

oiler,  including  grate 


ted  horsepower  hour. 
cal  horsepower  hour. 

ted  horsepower  hour. 
cal  horsepower  hour. 


.pounds. 

do... 

do... 

|XT  cent . 

poinnls. 


di>. 
.do. 


37 .  A 

ih.y 

19.5 
Hi. 2  ' 
27.0 
1».4 
1.7.V.J 

'2ti.7 
24.3 

;«).  1 

H.  12 
12. 794 

See  p.  96 

4.4 

12, 91^ 

See  p.  96. 

3.65 
12.996 

0.4*. 

l.i 

2.  A(r2 

0.55 

.13 

2. 397 

19.«k3 

0.75 

0.65 
.16 

IS.'iO  ' 

23.75 

24.54 

.'^.01 

3.23 
HO.  4 

3.7?< 
10().0 

3.80 
HHi.6 

.'».S() 

O..S9 

5.72  , 

5.62 

r>.97 

8.1.5  ' 
H.S7  i 

7.02 

8.23 

•     <I.3I 

<i2.12 

7.97 
S.{r2 
5f».'22 

•i.71 
7.76 
.H.68 
57.t.6 

4.0*. 
5. 01 

4.a3 
4.97 

4.10 
5.07 

4.21 
.5.20 

:i.47 

4. -29  1 

3.44 
4.24 

3.55 
4.38 

3.64 
4.50 
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Remarks. — Tests  321  and  322  on  briquets  which  were  broken  in  two.  They  burned 
freely  and  quickly,  giving  a  long  flame  and  small  percentage  of  smoke,  coking  and 
holding  together  well.     No  ash  and  very  small  amount  of  clinker. 

PBODUGEB-OAS  TESTS. 

Illinois  No.  23. 


Te«t98(A)..'     (b'VT 


Size  as  shipped "  5-iQchlump. 

Size  as  used:  >  j 

Over  1  inch per  cent. . '  81 

I  inch  to  1  Inch do 3 

I  Inch  to  i  inch do 4 

Under*  inch do....  12 

Duration  or  test hours. . ,  60 

Average  electrical  horsepower 196. 3 

Average  B.  t.  u.  per  cubic  foot  of  gas i  147. 9 

Total  coal  flred pounds. .  18,000 


34 

•24 

20 

22 

50 

181.5 

145.0 

17,250 


Test  98. 


Test  100. 


Coal  as 
flred. 


C<M  consumed  in  produder  per  horse-    ' 
power  hour  (poundss . 

Per  electrical  horsepower:  ■ 

Commercially  available 

Developed  at  switch  l>oard 

Per  brake  horsepower:  ' 

Commercially  available | 

Developed  at  engine 

EquitHiUnt  used  by  producer  plant 
{pounds). 

Per  electrical  horsepower: 

Commercially 'available 

Developed  at  switch  board j 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


1.91 
1.82 


1.63 
1.54 


2.02 
1.91 


1.71 
1.63 


T^__^„,    Combus-    Coal  as     r».^#»«.i    Combus- 
Drycoal.     ^^^^^         ^^^       Dryco.d.      ^.j^,^ 


1.60 
1.00 


1.43 
1.36 


1.78 
1.60 


1.51 
1.43 


1.46  ' 
1.38  1 


1.24  > 
1.18  , 


1.54 
1.46 


1.31 
1.24 


2.00 

1.70 

1.90 

1.62 

1.70 

1.45 

1.02 

1.38 

2.17  I 
2.07 


1.85 
1.76 


1.85) 
1.76 


1.57  ' 
1.50 


1.52 
1.45 


1.29 
1.23 


1.6(> 
1.57 


1.41 
1.34 


Analf/sfs. 


Test  98. 

Test  100. 

Coal. 

Moisture 

Volatile  matter 

Fixed  carbon 

11.87 

;«i.  :J7 

m.n7 

14.77 
,'«.  23 
40.98 

Ash 

11. H9 

9.02 

Sulphur 

4.  JiS 

3.40 

Test  98.  I  Test  100. 


Oas  by  volume. 

C&Thon  dioxide  (CO,) a  4  10. 9 

Carbon  monoxide  (CO) 20. 9  l  17. 2 

Hvdrogen  (H,)...: 1  12.9  1  las 

Methane  (Cn<) 1.6  2.1 

Nitrogen  (N,).... 55.7  55.3 

Ethylene  (CjII,) :  .5  .7 

:  I 


WASHING  AND  COKING  TESTS. 

IlliuoiH  No.  23. 
Wa8hin{ji  tests. 

Test  14«i  ;  Test  147    , 

(A).  (B).       ■ 


Size  as  shipp<Ml. 
Size  as  ii.s«'(l 


')  -  inch 

lump,  i 
Crushed  I 
t()2-lnch. 


Teat  146  1  Test  147 
(A).      1      (B). 


I 


I  Jig  used Stewart. 

Raw  coal pounds..       28,000 

Washed  co«l do '      24,000 

I  Refuse do 4,000 

'  1 


Stewart. 
80,000 
63,000 
17.000 


TESTS — ^ILLI^OIS. 
Coking  tests  {on  washed  coal). 
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Teet  111. 


B. 


Teet  112.   Ttttll4. 


SB  shipped, 
ssiueif. 


Ponttloii  of  test. 
Coftldiftrged 

C6k«  produced. . . 

BiMse  produced . 
Total  yield 


ul 


III 
LSI 


hoUTB. . 

...pounds.. 

^...do.... 
'  \per  cent. . 

/pounds. . . 
'ipercent.. 
do 


1. 
f.c. 


s. 
I.e. 
43 


10,000 

10,000 

4,211 

4,407 

42.11 

44.07 

347 

389 

3.47 

aso 

45.58 

47.06 

8. 

f.c. 

72 

14,000 

6,443 

46.02 

601 

4.29 

5a  31 


Remarks. — ^Tests  111  and  112:  Good  heavy  coke;  light  gray  and  silvery;  ash  and  eul- 
phor  high.  Test  114:  Light  gray  and  silvery,  not  as  good  as  coke  from  smaller  charge 
(teet  112);  ash  and  sulphur  high. 

Analyses. 


Washing  test 
146(A). 

Washlns  test 
147(B). 

Coking  test 

hiTa). 

Coking  test 

Coking  test 

iTiTb). 

Raw 
coal. 

Washed 
coal. 

Raw 
coal. 

Washed 
coal. 

Coal. 

Coke. 

Coal. 

Coke. 

Coal. 

Coke. 

HoUtuie 

VoUtUe  matter. 

13.47 
34.35 
40.65 
11.53 
4.41 

13.81 

15.68 
31.28 
37.45 
15.50 
3.98 

16.83 

13.74 
36.47 
41.01 
8.78 
3.57 

0.66 
0.74 
83.45 
15.15 
3.09 

15.85 
35.02 
40.57 
8.56 
3.27 

0.96 
1.14 
82.66 
15.24 
2.87 

15.93 
35.88 
40.16 
8.03 
3.26 

1.36 
1.19 

f^cerbon... 

82.83 

8.78 
3.54 

8.75 
3.22 

'    14.62 

Solplmr 

2.84 

BRIQUETTINO  TEST. 

Illinois  No.  23  B  (slack). 
Te$t  116. — Size  as  shipped,  through  2i-inch  round  shaker  screen.  Machine  used, 
Engliah.  Temperature  of  briquets,  179.6°  F.  Kind  of  binder,  coal-tar  pitch;  lab- 
oratory No.  2933  (see  p.  40).  Amount  of  binder,  5,  6,  and  6.5  per  cent.  Weight  of 
coal  briquetted^  12,0(X)  pounds.  B.  t.  u.  per  pound  of  coal  as  received,  11,450;  per 
pound  of  briquets  as  fired,  12,996;  per  pound  of  binder,  15,937.  For  analyses  of 
briquets  see  page  95  (steaming  tests  321  and  322). 

Briquets  made  with  5  and  6  per  cent  binder  broke  up  in  handling.  Those  made 
with  6.5  per  cent  were  satisfactorj'.  In  the  weathering  test  all  binders  were  exposed 
eeventy  days;  condition  of  the  5  per  cent  D,  of  the  6  per  cent  C,  of  the  6.5  per  cent  B. 

II.I.I1SOIS   NO.  24. 

Bituminous  coal  from  New  Baden,  Clinton  County,  on  the  Southern 
Railway,  was  designated  Illinois  No.  24.  The  coal,  as  worked  at  a 
depth  of  320  feet  at  this  place,  averages  7  feet  6  inches  in  thickness. 

Two  lots  of  coal  were  shipped  under  the  supervision  of  W.  J.  Von 
Borries,  as  follows:  Illinois  No.  24  A  consisted  of  screenings  which 
had  passed  through  a  2  J-incli  shaking  screen,  and  was  used  in  washing 
test  169  and  coking  tests  119  and  155.  Illinois  No.  24  B  consisted  of 
lump  coal  over  a  SJ-inch  bar  screen,  and  was  used  in  steaming  tests 
335,  336,  and  337;  producer-gas  test  103;  washing  test  166;  and 
coking  test  145. 

106d8,  Bull.  No.  332—08 7 
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Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2^ 
was  cut  400  feet  northwest  of  the  shaft,  where  the  coal  measm^ 
feet  8  inches  in  thickness.  Sample  2855  was  cut  600  feet  northet 
of  the  shaft,  where  the  coal  measured  8  feet  in  thickness. 


CHSnCAL  AHALT8B8. 

Illinois  No.  24. 

^ 

Mine  samples. 

CarB 
sttmple.* 

Steaming  t«ats.» 

335. 

336. 

337. 

Lalmratory  N'' 

2854 

laio 

13.43 
33.02 
44.37 
9.18 
3.35 

285S 
8.60 

12.73 
33.35 
44.32 
9.60 
3.60 

2972 
7.4D   . 

11.44 
33.93 
4192 
ia71 
4l94 

599 
60.06  . 

1.Q2 
17.88 

12.14 
33.71 
42.48 
1L67 
4l53 

4.61 

67.18 
L14 
8.63 

13.28 
5.16 

12.60 
34  40 
4113 
9.87 
3.83 

4l77 
60.47 

1.18 

8.91 
11.29 

438 

Air-dryixig'loss 

Proximate: 

Moisture 

Volatile  in.utcr 

11 
St 

Fixed  carl  Kin... 

4S 

-Vah 

Sulphur 

Ultimate: 

Hydrogen 

Carlwn 

Oxyiren 

ML 
3 

4 

aa 

1 

Asfi!^. 

12 

Sulphur 

4 

Calorific  value  (as  r« 
Determined 

»ived): 
ultimate 

/calories. 
iB.t.u.. 
/calories. 
\B.t.u.. 

6.076 
10.g37 

6,068   . 
10,958   . 

6.049   . 
10,888   . 

Calculated  from 

t 

analysis 

o  Sample  from  producer-eas  test  1(R  treated  as  cur  sample. 

b  Proximate  analysis  of  fuel  as  fire^l;  ultimate  analysis  of  fuel  figured  from  car  sample. 

STEAIEINO  TESTS. 

Illinois  No.  24  B  dunip). 


Test 335.    Test 336.    Test: 


Si7Ai  as  u.s«'d: 

OvtT  'I  inches per  cent. . 

(>v«*r  1  inch do 

i  inch  to  1  iiuli. do 

I  indi  to  i  inch do 

I'ndcr  i  inch do 

Duration  of  t<'st hours.. 

ll«*iiting  vahn"  of  coal B.  t.  u.  per  pound  dry  coal. . 

Korci^  of  draft: 

Under  stack  damp<T inch  water. . 

Above  fin' do 

Furna<-<!  tomrx'raturc °F.. 

Dry  coal  used  jmt  s<iuarc  foot  of  ^ralc  surfac*'  jx-r  hour pounds. . 

Ecfuivalcnt  water  evaporate*!  i>er  squan*  foot  of  water-healinp  surface 
[XT  hf>ur pounds.. 

I'envntaK*^  of  rated  horwpower  of  Jioiler  <loveloi>Ml 

Water  apparently  evaporated  per  pound  of  coal  as  fin'd pounds. . 

Water  evaporated  from  an<i  at  212'-  K.: 

I'or  pound  of  coal  as  fln»d do 

I'er  pound  of  dry  coal do 

I'er  pound  of  coiibustible do 

KlTiclencv  of  boiler,  including  grate percent.. 

Coal  as  fin'd: 

I'er  indicati'*!  horsepower  hour pounds. . 

Per  electrical  hor}w»pow«'r  hour do 

Dry  coal: 

'  Per  indicated  hors«'power  hour .!o 

Per  eloctrlcal  horsepower  hour do 


49.7 
19.9 
12.4 
18.0 
9.62 
12.245 

0.55 

.22 

2,708 

20.49 

3.30  , 
92.6  1 
5.90  I 

7.09  i 
8.07 
9.50  ! 
63.64  < 

3.99 
493 

3.50 
433 


22.1 
25.2 
19.6 
33.1 
6.05 
12.623 

0.63 

.a. 


21. 4S 

129 
92.3 
5.:)9 

6.71  . 
7.67 
8.97 
58.  (i8 

4  21 
5.20 

3.69 
45.5 


a  Too  short  for  n«liablc  rosultii. 


,n^.  .Jl 


I  p 


TESTS — ILLIKOrSp 

FBODUCEB-GAS  T18T. 

Illinois  No.  24  B  Oump). 

.1— Sixe  aa  uBod:  Ov^  1  inch^  63  per  cent;  )  incb  to  1  inch,  IG  percent; 

i  incht  10  per  rent;  under  J  inch,  11  i>er  cent,     Damtion  of  teet^  50  hoitraj 
electrical  horeep>w«>r,  200.4;  ttverage  B*  t.  u,  per  cubic  foal  of  gas,  ItiO.&; 

tired,  H,65€  poundb. 


CobIm 


OiW. 


Com- 


e^Mwnifd  In  prod^^t  per  k9rifp0f$0r  Aour  {jKHmdt}, 

EfClAllF  «vaJ|«til« , , , , , ,  „. , . . . 

ped  at  fftrtteh  boar^l..,, „*,„,*,„,„„ ..„.,..,,.. 

^relAlly  AVftiLable . . .,.--.,. , >^- . ,... , - __ *^. , , , 


^  horsepower: 

jrcUlly  II vftUfl^bie. . .  „-,„„, ,  „ * 

pad  At  ftwLi«b  boAfd.....*..........*,.,.....^,.. 

norMpow^r: 

fffiatll'  a vaitablfl. ..  ..,.,,„,, ,^ .^^ . . , . . 

|»e(l  jht  engine .,«^,^«p,4f, .. . ...... 


Analysis  of  g<Uj  by  volume.^'' 


1.M 


1.31 


l.£« 


1.3ft 


1.4fi 
1.3S 


1.23 
U17 


Lit 
1.U 


L37 
1.31 


.0§ 


»xlde  (COi).... 8.4 

•nozide  (CO) 22.6 

iS}::;::::::::::::::;:;:::::::::  '^i 


Nitrogen  (Nt) 52.5 

Oxygen  (Ot) 1 

Ethylene  (CiHO 6 


WASHINO   AJSTD   COKINO   TESTS. 

Illinois  No.  24. 


Test 
109  (A). 

8C. 

Stewart. 

'      Test. 
1  166(B). 

1. 
cr.  to2". 
Stewart. 

Raw  coal 

Washed  coal... 
Refuse 

Ill  ill 

Teat 
166  (B). 

pped 

pounds.. 

do... 

do.... 

18,745 

3^^:..: 

16,600 

2,085 

Cohimj  tests. 


A. 

Tost 

119       I 
(raw). 

Test 
155 

(w.). 

sc. 

f.c. 

78 

11.410 

None. 

B. 

Test 
145 

(w.). 

pped 

sc.  1 

sc 

24 

10.000 

Nono. 

, 

T^:::::::.... :::::".::::.:. 

f.c. 

►f  t€«t 

hours  . 

55 

Pd     

pounds 

11.830 

iced 

(....do... 
lyx^r  cent. . 

4,710 

39.81 

duced 

(pounds  . . 

1,350 

hxT  cent. . 

11.41 

do 

51.22 

». — Test  119:  Asheil  over  whole  oven  ulxmt  4  inclu-s  down.  Test  155:  All 
Iriven  off.  High  heat  of  hy-product  ovcn.s  might  cok(».  T(vt.l45:  Poor,  soft, 
ce;  sulphur  high. 


•  For  analysis  of  the  fuel  used  8<'e  p.  98  (car  sample  2972). 
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Analyses. 


Washing  test  169 

Washing 
test  166 

(B, 
washed 
coal). 

Coking 
testis 
(A  coal). 

Coking 
testis 
(A  coal). 

Coking  test  145 

(B). 

Raw 
coal.a 

11.44 
33.93 
43.92 
10.71 
4.94 

washed 
coal. 

Coal.     <    Coke. 

Moisture ...  . 

15.10 

14.36 

13.28 
29.93 
39.03 
17.76 
4.05 

15.18 
32.13 
43.46 
9.23 
3.07 

8.93  ;          &« 

Volatile  matter 

35.22             L«i 

Fixed  carbon 

46.29 
9.56 
3.41 

79.01 

Ash 

9.76 
3.18 

8.38 
3.31 

13.73 

Sulphur 

2.9! 

a  Sample  from  producer-gas  test  103  (on  B  coal). 


ILiLINOIS  NO.  25. 


Bituminous  coal  from  a  mine  located  one-half  mile  east  of  German- 
town,  Clinton  County,  on  the  Southern  Railway,  was  designated 
Illinois  No.  25.  The  coal,  as  worked  at  a  depth  of  345  feet  at  Uii» 
place,  averages  4  feet  8  inches  in  thickness. 

This  sample  was  shipped  under  the  supervision  of  John  W.  Groves. 
Two  lots  of  coal,  consisting  of  run  of  mine  (designated  A)  and  lump 
(designated  B),  the  latter  over  a  l}-inch  screen,  were  shipped  in  the 
same  car,  and  separated  from  each  other  by  a  partition.  The  follow- 
ing tests  were  made:  On  A  and  B  mixed,  steaming  tests  338  and  339; 
on  A,  washing  test  162  and  coking  tests  120  (raw)  and  140  (washed), 
and  on  B,  producer-gas  test  104. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  285( 
was  cut  2,100  feet  north  of  the  shaft,  where  the  coal  measured  4  feel 
10  inches  in  thickness.  Sample  2857  was  taken  2,200  feet  northwesi 
of  the  shaft,  where  the  coal  measured  4  feet  6  inches  in  thickness. 

CHEMICAL  ANALYSES. 

Illinois  No.  25. 


Mine  samples. 


Lal)orator>'  No. . . 
Air-drying* loss. . . 
Proxiiiittte: 

Moisture 

Volatile  matte 

Fixed  carbon. 

Ash 

Sulphur 

Uitinuito: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 


2m) 
G.70 

11.04 
.-jr..  41 

44.29 
8.00 
3.41 


Ash. 


Sulphur 

Calorific  value  (.as  received j: 

,^  ^              ,  halories. 

Detennined | B.  t.  u. . 

jcalories. 
•IB.  t.  u.. 


0,272 
11.290 


C»Uculated  from  ultimate  analysis. 


2857 
7.00 

12.15 
35.00 
42.97 
9.28 
4.01 


Car 

sample 

(B).a 

Steaming  testa.* 
338.             339. 

2991 

5.90 

11.35 
34.62 
40.  (i3 
13.40 
4.76 

5.41 
67.36 

1.05 
1&Q2 


5,063 
10,733 

5,831 
10,496 


I 


12.28 
35.52 
4a  53  I 
11.67 
3.57  I 

4l87  ' 
67.23 

1.23 

9.30 
13.30 

4.07 


11.5 
34.9 
39.7 
13.7 
4.8 

4.6 

64.2 
l.l 
8.8 

15.5 
5.5 


o  Sample  from  producer-gas  test  104  treated  as  car  sample. 

b  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 


TESTS — ILLINOIS. 
STEAMINO  TESTS. 

IlUnois  No.  25  (run  of  mine  and  lump  mixed). 
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8<e  as  used: 

Over  3^  inches per  cent . 

3|  inches  to  2i  Inches do. . . 

Sincdies do... 

1)  inches  to  1  inch do. . . 

ilnch  to  1  inch do . . . 
inch  to  i  inch do... 
Jnder  i  inch do. . . 

Duration  of  test hours. 

Heating  value  of  coal B.  t.  u.  per  pound  dry  coal. 

Foice  of  draft: 

Under  stack  damper Inch  water. 

Above  fire do... 

Dryeoal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Imlvalent   water  evaporated  i>er  square  foot  of  water-heating  surface  per 
_fioar , pounds 


ftonatage  of  rated  horsepower  of  boiler  developed 

Wtter  apparently  evaporated  per  pound  of  coal  as  fired pounds. 

Witer  evaporated  from  and  at  212^  F.: 

Per  pound  of  coal  as  fired do. . . 

P*r  pound  of  dry  coal. do'. . . 

Per  pound  of  combustible .' do. . . 

Ifleieiicy  of  boiler,  including  grate per  cent. 

OBilasilred: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

BiyeoaJ: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


Test  338. 


3.33 
28.1 


14.3 
9.1 
15.2 
9.67 
12,519 

0.75 

.21 

21.36 

3.10 
87.0 
5.35 

6.38 
7.28 
8.68 
56.16 

4.43 
5.47 

3.88 
4.80 


Test  339. 


56.0 
26.4 
7.2 
4.0 
6.4 
10.0 
12,022 

a  74 

.21 

23.63 

3.54 
99.1 
5.55 

6.63. 
7.50 
9.19 
60.25 

4.26 
5.27 

3.77 
4.66 


PBODUCEB-GAS  TEST. 

Illinois  No.  25  B  (lump). 

TeMi  104. — Duration  of  test,  50  hour^;  average  electrical  horsepower,  200.6;  average 
B.  t.  u.  per  cubic  foot  of  gas,  168.0;  total  coal  fired,  16,000  pounds. 


Coal  as     T^-„^^a,  '  Combus- 
fired.     hL>Ocoal.      ^^^^^^ 


Coal  consumed  in  producer  per  horsepower  hour  {pounds) .  I 

Per  electrical  horsepower:  I 

Commercially  available 1.  (V8  1.  49  , 

Developed  at  switch  board 1.  GO  1.  41  ' 

Per  brake  norsepower:  I  , 

Commercialiv  available 1.  43  1. 27  I 

Developed  a£  engine 1. 36  I  1. 20 

Equimlent  used  bt/  producer  piint  (pound M).  , 

Per  electrical  horsepower:  I  i 

Commerciiilly  available I.  78  1.  ."iS  ' 

Developed  at  switch  board 1.  68  1.  49  , 

Per  brake  norsepower: 

Commercially  available 1. 51  I.  .34 

Developed  at  engine 1.  43  1. 27 

Analysis  of  (jns  by  rohimc.a 

Carbon  dioxide  (COi) 8.  3 

C«rbon  monoxide  (CO) 22.  .S 

Hydrogen  (Hj) 13.  6 

Mathane(Cn<; 2.2 

Nitrogen  (Nf) .")2.  9 

Ethylene  (CtH<) 5 

a  For  analysis  of  the  fuel  used,  see  p.  UK)  (car  sample  2991). 


1.27 
1.20 


1.08 
1.02 


1.34 
1.27 


1.14 
1.08 
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WASHIKO  AND  COKING  TESTS. 

Illinois  No.  25  A  (run  of  mine). 

Washing  t€Stl6i. — Size  as  used,  crushed  to  2  inches.    Jig  used,  Stewart.     Raw  coal, 
14,550  pounds;  washed,  12,000  pounds;  refuse,  2,550  poundg. 


Cohing  tests. 


I  Test  lao  I  Test  140 
I    (raw).        (w.). 


Size  afl  used r.  o.  m. 

79 
10.000  I 
None. 


Duration  of  test hours. 

Coal  charged pounds. 

Coke  produced {^Vwni: 

Breeze  produced \^^»i 

Total  yield do. . . 


f.c. 

«Z 

11.830 

5,355 

45.27 

710 

&(10 

51.27 


Rertuirks. — Test  140:  Dull -gray  color,  cell  structure  close;  soft,  dense  coke;  breakage 
poor.  Coked  in  two  distinct  layers  of  16  inches  and  8  inches,  the  lower  coming  out  in 
chunks. 

Analyses. 


Washing* 
test  162 
(washed 
coal). a 

1 

Coking 
teotl^ 

(coal).   : 

Coking 
Coal. 

13.40 
33.83 
43.66 
9  11 
2  99 

test  140. 
Cokf. 

Moisture 

14. 14  1 

12.96 
33.01 
39.60  1 
14u43  ' 
4.09  ' 

2  71 

Volatile  matter 

487 

Fixed  carbon           ...                                        ... 

77.69 

Ash 

8.98  , 
3.06  1 

14  9:^ 

Sulphur 

2  32 

1 

«  For  analysis  of  raw  coal  from  this  mine,  see  p.  100  (analysis  2991,  of  B  (lump)  coal^ 


ILr^IXOIS   NO.    20. 

Bituminous  coal  from  Lincoln,  Logan  County,  on  the  Chicago  and 
Alton  Railroad,  was  designated  Illinois  No.  26.  The  coal,  as  worked 
at  a  depth  of  276  feet  at  this  place,  averages  4  feet  11  inches  in 
thickness. 

This  sample  was  shipped  under  the  supervision  of  John  W.  Groves. 
It  consisted  of  run-of-mine  coal  and  \vas  used  in  making  steaming 
tests  341  and  342,  producer-gas  test  126,  washing  test  164,  and  coking 
test  143  (on  washed  coal). 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2881 
was  taken  1,500  feet  southeast  of  the  shaft,  where  the  coal  measured 
4  feet  11  inches  in  thickness.  Sample  2882  was  taken  1,600  feet 
northeast  of  the  shaft,  where  the  coal  measured  4  feet  11  inches  in 
thickness. 


TESTS — ILLINOIS. 
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GHEiaCAL  ANALYSES, 
lllinoifl  No.  26. 


liine  sample. 


Ubontory  No 

Air-diying  loss , 

Proxiinate: 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 

VlUiiute: 

Hydrogen 

Carbon 

Nitrogen , 

SS:??.:::::::::::::::::: 

Sulphur 

CaloriAc  value  (as  xeceiTed): 

Determined 


2881 
11.30 

14-77 
32.90 
39.75 
12.58 
3.95 


2882 
12.10 

15.62 
32.27 
30.86 
12.35 
3.05 


I 


CAlculated  from  ultimate  analysis. 


(calories. . 
nB.  t.  u.. 

/calories. . 
'IB.  t.  u... 


Car 
sample. 


63003  ' 
12.70  I 

15.68 
32.41 
30.82  I 
12.09 
3.51  ! 

5.56 
56.76  . 

1.06 
21.02 


Steaming  tests.o 


341. 


342. 


13.55 
33.11 
40.24 

laio 

4.45 


15.68 
32.41 
39.82 
12.00 
3.51 


5,781 
10,406 


4.43 

4.53 

66.81 

67.31 

1.23 

1.26 

8.23 

8.40 

16.15 

14.34 

5.15 

4.16 

I 


5,675 
10,216  I 

6,743 
10,337  I 


>  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dr}'  fuel  figured  from  car  sample. 
*  Results  figured  from  sample  from  steaming  test  342. 

STEAMING  TESTS. 
Illinois  No.  26  (run  of  mine). 


Test  341.    Test34!2. 


fixe  S8  used: 

^  inches per  cent. . 

3  inches do 

2J  inches  to  1  inch do 

IJ  inches  to  1  inch do 

J  inch  to  1  inch do 

}  inch  to  i  inch do 

I'ndcr  J  inch do 

Darstion  of  test hours. . 

Kind  of  grate 

Heating  value  of  coal H.  t.  u.  per  pound  dry  coal. . 

Force  of  draft: 

I'nder  stack  damper inch  water. . 

.\bove  fire do 

Furnace  temperature °F.. 

r>ry  coal  used  per  square  foot  of  grate  surfacr  jxt  hour pound.s. . 

£quivaient   water  evaporated  per  squari'  foot  of  wator-hontii^g    Mirfacc 

hour 

Percentage  of  rate<l  horsepower  of  boiler  dcvrlopcM 

Water  apparently  evap)orated  p«T  poiind  of  <oal  as  fin  <i 

Water  evaporated  from  and  at  212*  F. : 

Per  pound  of  coal  as  fired . . . .- do . . . 

Per  pound  of  dr>'  coaL do. . . 

Per  pound  of  combustible do . . . 

Efficiency  of  l>oiler,  including  gmtc per  cent . 

Coal  as  finnl : 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  co«al: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


61.0 


face    per 
pounds. . 


.pounds. 


19.9 
8.9  I 
4.4  ' 
8.2 
10.0 
Rocking. 
12,029 

0.65 
.34 


f).  .">« 

7.  .>8 

9.  29 

00.8.5 

4.31 
■)..TJ  ^ 

3.73  j 
4.  Til   , 


17.1 

9.'}* 

5.8 
6.9 
8.87 

Rocking. 
12,260 

0.64 

.30 

2,264 

23.  iY2 

3.16 

88.6 

:».  40 

f>  47 

7.67 

9.29 

m.  42 

4.37 
.*).  40 

3.69 
•1..5,5 
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PBODUCSB-GAS  TEST. 

Illinois  No.  26  (run  of  mine). 

Test  126. — Duration  of  test,  50  hours;  average  electrical  horeepower,  174.5;  average 
B.  t.  u.  per  cubic  foot  of  gas,  147.2;  total  coal  fired,  16,050  pounds. 


Coalw 
fired. 


Coal  cofuumed  in  producer  per  tiorge power  hour  (pounds). 

Per  electrical  horsepower: 

Commerciailv  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


Equivalent  used  by  producer  plani  (pounds) . 


Per  electrical  horsepower: 

Ck>mmerciallv  available 

Developed  at  switchboard . 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


1.06 
1.S4 


1.67 
1.56 


2.13 
2.00 


1.81 
1.70 


Dry  coal. 


Combus- 
tible. 


1.70 
1.39 


1.45 
1.36 


1.85 
1.73 


1.57 
1.47 


1.39 
1.30 


1.18 
1.11 


1.51 
1.41 


1.28 
1.20 


Moisture 

Coal. 

Ana 
13.29 

Volatile  matter... 

32.02 

Fixed  carbon 

38.81 

Ash 

15w88 

Sulphur 

3.52 

Oas  by  volume. 

Carbon  dioxide  (CO,) laS 

Carbon  monoxide  (CO) 1ft.  4 

Hydrogen  (IIj) 15.5 

Methane  (ClU) 1.7 

Nitrogen  (Hj) 58.5 

Ethylene  (0,11^) 4 

WASHIKO  AND  COKINO  TESTS. 

Illinois  No.  26  (run  of  mine). 

Washing  teM  104. — Size  as  used,  crushed  to  2  inches.  Jig  used,  Stewart.  Raw  coal 
18,000  pounds;  washed  coal,  16,000  pounds;  refuse,  2,(XX)  pounds. 

Coking  test  14S. — Siz(^  as  used,  washed,  finely  crushed.  Duration  of  test,  59  hours. 
Coal  charged,  11,750  pounds;  coke  produced,  5,850  pounds;  49.79  per  cent.  Breeze 
produced,  1,250  pounds;  10.64  per  cent.  Total  yield,  60.43  per  cent.  Soft  dense 
coke.     Coal  particles  stuck  together  after  volatile  expelled. 

Analysts. 


Moisture 

Volatile  mattor. 

Fixed  carbon 

Ash 

Sulphur 


Washing  test  164. 

Raw 
coal.a 

Washed 
coal. 

15.68 
32.41 

15.96 

39.82 

12.09  I 
3.51 


9.40 
2.76 


Coking  test  143. 


Coal.         Coke. 


15.18 
33.4(>  I 
41.53  ' 
9.83  , 
2.73 


5.27 
3.35 
75.98 
15.40 
2.80 


•  Sample  taken  from  steaming  test  342. 


II.T.1N01S  NO.  37. 

Bituminous  coal  from  Auburn,  Sangamon  County,  on  the  Chi- 
cago and  Alton  Railroad,  was  designated  Illinois  No.  27.  The  coal 
is  reached  by  shaft  at  this  place,  and  averages  6  feet  6  inches  in 
thickness. 


TESTS — ^ILLINOIS. 
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This  sample  consisted  of  run-of-mine  coal  and  was  shipped  under 
the  supervision  of  John  W.  Groves.  It  was  used  in  making  steaming 
tests  353  and  354;  producer-gas  test  127;  washing  test  165;  and  cok- 
ing test  144  (washed  coal). 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2897 
was  taken  2,000  feet  southeast  of  the  shaft,  where  the  coal  measured 
6  feet  10  inches  in  thickness.  Sample  2898  was  taken  1,400  feet  south 
of  the  shaft,  where  the  coal  measured  6  feet  10  inches  in  thickness. 

CHEMICAL  ANALYSES. 

Illinois  No.  27. 


Mine  sample. 


Laboratory  No 

Air-drying  iosa 

Proximate: 

Moistare 

VolAtiie  matter. 

Fixed  carbon 

Aah 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

ratrogen 

Oxvgen 

Aah 

Sulphur 

Caloiific  value: 

Determined 


2897 
10.20 

14.29 
37.17 
40.36 
8.18 
4.41 


Calculated  from  ultimate  analysis  . 


/calories. . 
•1b.  t.  u... 

(calories.. 
•\B.  t.  u... 


6,115 
11,007 


10.50 

14.18 
34.85 
41.11 
9.86 
4.36 


Car 
sample.a 


3052 
10.00 

16.00 
32.41 
37.82 
13.77 
4.05 

5.55 

53.89 

.91 

21.83 


5,522 
9,940 
6,417 
9,751 


Steaming  test.^ 
353. 


354. 


16.00 
32.41 
37.82 
13.77 
4.05 

4.49 
64.15 

1.08 

9.07 
16.39 

4.82 


15.82 
32.50 
37.73 
13.95 
4.80 

4.43 
63.29 

1.07 

8.94 
16.57 

5.70 


a  Sample  taken  from  steaming  test  353. 

&  Pro3dmate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

STEAMING  TESTS. 

Illinois  No.  27. 


I  Test  353.    Test  354. 


Sizjp  as  used: 

Over  1  inch per  cent . . 

k  Inch  to  1  inch do 

J  inch  to  J  Inch do 

Under  \  inch do ' 

.\verage  diameter Inches.  .1 

Duration  of  test hours . .  j 

Ilf^ting  value  of  coal B.  t.  u.  per  pound  dry  coal . . 

Foire  of  draft:  i 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperature ^F  . ' 

Dry  coal  useu  per  square  foot  of  grate  surface  p<^r  hour poimds.  .1 

Equivalent   water  evaporated   per  square  foot   of   watcr-heating   surface   per  I 

hour pounds . . , 

P*?rcentage  of  rated  horsepower  of  bollpr  de vo iop<Hl 

Water  apparently  evaporated  per  pound  of  coal  as  firod 

Water  evaporated  from  and  at  212*  F.: 

Per  pound  of  coal  as  fired do. . . 

Per  pound  of  dry  coal do... 

Per  poimd  of  combustible do .. . 

Efficiency  of  b<^er,  including  grate per  cent . 

Toelas  Bred: 

Per  indicated-horsepower  hour pounds. 

Per  electrical-horsepower  hour do. . . 

Dry  coal: 

Per  indicated-horsepower  hour do. . . 

Per  electrical-horsepower  hour do. . . 


•pounds. 


72.4 

11.1 

0.8 

9.7 

2.29 

10.00 

11.831 

34.6 
25.7 
17.6 
22.1 
.93 
10.02 
11*713 

0.«30 

.18 

2.3«J0 

19.83 

0.72 

.17 

2,162 

19.26 

3.14 
88.0 
5.57 

3.08 
86.4 
5.60 

o.oc 

7.93 
9.»)5 
64.73 

6.75 
8.02 
9.85 
m.  12 

4.24 
5.24 

4.19 
5.17 

3.5*> 
4.40 

3.53 
4.36 
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PBODUCS&-GAS  TEST. 

Illinois  No.  27  (run  of  mine). 

Test  127. — Average  electrical  horsepower,  124.8;  average  B.t.u.  per  cubic  foot  o I 
gas,  122.5;  total  coal  fired,  16,050  pounds. 


Coal  consumed  in  producer  per  horse poner  hour  (pounds). 

Ppr  electrical  horsepower: 

Commerciallv  available , 

Developed  at  switch  board 

Per  brake  horsepower: 

Commerciallv  available 

Developed  at  engine 


EquivcUeWt  used  by  producer  plant  (jtoumls). 


Per  electrical  horsepower: 

Commercially  available 

Developed  at  switch  board  . 
Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


Coal  as 
fired. 


2.83 
2.57  , 


2.40 
2.19  , 


ao6 

2.78  , 


2.60  , 
2.96  ' 


Dry  coal. 


2.51 
2.28 


2.13 


2.72  , 
2.47  I 


2.31  I 
2.10  ' 


Combu»- 
tiblc. 


2.12 
1.92 


1.80 


2.29 
2.08 

1.77 


Coal. 


Analyses. 


Qas  by  volume. 


Moisture .11.35    CarVion  dioxide  (CO») 12- i 

Volatile  matter. .  33. 59    Carbon  monoxide  (CO) 16-  J 

Fixed  carbon 41. 20     Hydrogen  (Ht) 12-  ^ 

McthaneCCHO 1-S 

Nitrogen  (HO 57-  ' 


Ash 13.86 

Sulphur 4. 54 


Ethylene  (Ct  H^) 


(Hi 
(C. 


WASHING  AND  COKINO  TESTS. 


llUnoia  No.  27  (run  of  iijin(i). 


Washintj  test  IGo. — Sizo  as  uso<l,  cnishcd  to  2  incho8.     Jig  used,  Stewart.     Raw  coi»1  • 
18,000  jxninds;  watched,  15.545  pounds;  refuse,  2,455  pounds. 

CoHiKj  trst  /-^;. — Size  as  used,  washed,  finely  crushed.  Duration  of  test,  53  hour-*- 
coal  charged,  11,550  pounds;  (M)ke  produced.  5.0G7  pounds;  43.87  per  cent;  breo/** 
produced,  405  pounds;  3.51  per  cent.  Total  yield,  47.38  per  cent.  Soft,  dense  cokt** 
very  litth'  cell  structure:  hiji^li  suljdiur. 

A  nalyscs. 


Moistun^ 

Volatile  miJtto 
Fixo<l  carbon. 

Ash 

Sulpliiir 


Washing  test  1(».  I     Coking  toM  144. 
Coal.         Coke. 


Kuw 


coal.o 
iaO() 

;r2.4i 

37.82 
l.'l  77 
4.05 


Washed  , 
coal. 


o  Sample  taken  from  steanung  test  3.W. 


1(111 


7.76 
a26 


Id  39 
34.26 
4L57 
7.78 
a22 


I 


a  51 

81.14 

laa 
a4o 


TESTS — ILLINOIS. 
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IlililNOIS  NO.  28. 


Bituminous  coal  from  bed  No.  7  at  Herrin,  Williamson  County, 
was  designated  Illinois  No.  28.  This  coal,  as  worked  at  a  depth  of 
167  feet  at  this  place,  averages  6  feet  11  inches  in  thickness. 

Three  shipments  of  coal  for  testing  purposes  were  made  from  this 
mine.  Illinois  No.  28  A  consisted  of  No.  5  washed  coal,  was  shipped 
uninspected,  and  was  used  in  steaming  test  459  (on  briquets)  and  in 
briquetting  tests  140*,  141*,  142*,  143*,  162,  and  163.  Illinois  No. 
28  B  consisted  of  unwashed  screenings  shipped  uninspected,  and 
was  used  in  steaming  test  457  (on  briquets)  and  briquetting  tests 
144*,  158*,  159,  160*,  and  161.  Illinois  No.  28  C  consisted  of  Uimp 
coal  which  passed  over  a  3-inch  round  shaking  screen,  was  shipped 
under  the  supervision  of  K.  M.  Way,  and  was  used  in  steaming 
tests  448  and  452,  washing  test  181,  and  coking  test  166. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
3629  was  taken  2,400  feet  west  of  the  shaft,  where  the  coal  meas- 
ured 7  feet  in  thickness.  Sample  3632  was  taken  2,250  feet  north- 
west of  the  shaft,  where  the  coal  measured  6  feet  1 1  inches  in  thickness. 

CHEMICAL  ANALYSES. 

Illinois  No.  28. 


1 

!  Car 

Mine  sam- 

isani- 

ple. 

'  fc'r. 

Steaming  tests.n 
A.    I    B.  C. 


Briquetting  tests.b 
A.  i         B. 


I 
459.       457. 


I 


448. 


452.    '  140*.  !  142*.  I  143*.  I  144*.      ^^^^ 

I  1  I  IGO*. 


i*U)ratory  No 3t^     3ti.?2 

Jir-<lrying  loss 

'TOximate :  i 

Moisture a  72     8.  SM 

Volatile  matter .m  38   20.49 

Fixed  car»)on 5128  53.  «) 

Ash 7.  62     a  03 

Sulphur 1.00       .99 

Utimale: 

Hydrogrn 

Carbon 

Nitrogen 

Oxygen 

Ash 

Sulphur 

^i^r^^  i'nl"A'  lealories. . .    6. 77    

d'^terminea  /r.   «.   „         ,o  .vvi 
(aareceived^  fB.  t.  u.  ...  12.200 


3789 

aoo' 

7.  78| 

■29.  S.'i 

5'2.  :^ 

9.9S 

1.  32 


.1  Oi\ 

♦•7.  45 

I.  21 1 

14.  %| 


i 

4121 

i 

406fl 

1 

J 

' 

1 

7.  321 

^Hl 

4.82| 

7.02 

5.81 

5.75 

^78 

:n  72' 

m.  .Mil 

30.^^1 ' 

'29.  93 

30.31 

31.  0()i 

;ifi  SK 

49.  S4, 

52.41 

5.i  82; 

5.a  51 

49.581 

51.  50| 

5].  02 

12.  121 

10.  92 

10.  .5.^.1 

9.  54 

14.  30 

12.  i-.l 

!2.IV2 

I.2<. 

2.  03 

1.47! 

1.  IS 

1.  25 
4.21 

1.21 

.»5 

4.21 

4.(41 

4.'a\ 

4  59 

4  J 

4.35 

71.ssl 

71.  9-' 

72.  sr>\ 

7a  75 

♦>9.  09 

71.92 

7vm 

1.  .',9 

1.  'M 

I. ;«» 

1.  ;f2 

1.  .30 

i.ar*i 

7.95 

ia:ii 

Las 

7.  s.'t, 

s.  .'}♦•. 

a  i'tsl 

a  SI 

a  23 

1^00 

la  (xs' 

1 1.  59 

11.09 

H).  2r. 

15l  is 

11  3« 

1.  ;^.) 

1 

2.  10 

1.  54| 

1.27 

... 

1.28 

tm 

4144 


a38 

31,07 
dh  19 

L5o 

7Lf«i 
1,39 
Ji7s 

12.13 


5.45 
31.  (i5 
51.74 
U.  Hi 

2.04 

4  19 

71.02 

1.  43 

aso 

11.80 


•  Proximate  analysis  of  fuel  as  firo'l:  iiltiinat*-  analysis  of  <lry  fuel  figuo'd  from  car  surnpl«' 
^  Proximate  analysiii  of  fuel  as  rocoivi^d;  ultimuto  analysis  ou  dry  basis. 
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STEAMING  TESTS. 

Illinois  No.  28. 


BiMASuaed: 

Over  I  inch per  cent 

I  inch  to  1  inch do. . 
inch  to  i  inch do. . 
^nder  J  Inch do. . 

Average  diameter inches 

Duration  of  test hours 

Heating  value  of  fuel B.  t.  u.  per  pound  dry  fuel 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  Are do 

Furnace  temperature °F. . 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour. 

pounds 

Equivalent  water  evaporated  per  square  foot  of  water-heMing 

surface  per  hour ; pounds. . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  fuel  as  fired, 

W[>ounds 
ater  evaporated  from  and  at  212°  F. : 

Per  pound  of  fuel  as  fired do 

Per  pound  of  dry  fuel do 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate per  cent. . 

Fuel  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Perelectrical  horsepower  hour do 

Dry  fuel: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


Test  450 

(w.). 


(«) 


9.05 
12,557 

0.80 

.15 

2,601 

18.72 

a  13 

87.7 

&43 

7.75 
8.36 
9.70 
64  29 

a65 
4.50 

ass 

418 


Test  457. 


(«) 


9.13 
12,859 

a  81 

.16 

2,606 

19.85 

a42 
05l9 

6.78 

a  13 

&64 

laii 

64  90 

a48 

429 

a27 
404 


C. 


Teat  448. ,  Tea 


32.3 
22.1 

ia7 

3L9 
.70 

iao3 

12,020 

0.76 

.17 

2,862 

22.52 

a88 
10&8 

7.01 

&21  I 
&63 
0.09 
64  50 

a44 
425 

a28 
405 


a  Sec  p.  109. 

Remarks. — Teat  459  on  briquets  from  tests  162  and  163  (equal  weights)  and  En 
briquets;  fmnl  whole;  no  smoke  from  either  kind.  Test  457  on  briquets  from 
159  and  161  (equal  weights) ;  made  4  per  cent  black  smoke. 

WASHING  AND  COKING  TEST. 


Illinois  No.  28  C  (lump). 

Washing  test  181. — Size  as  used,  2-inch;  jig  used,  Stewart;  raw  coal,  24,000  poi 
washed  coal,  19,925  pounds,  74  per  cent;  refuse,  4,075  pounds,  26  per  cent. 

Coking  test  166. — Size   as   used,  washed,    finely   crushed.     Duration   of   tesi 
hours.     Coal  charged,  12,600  pounds;  coke  produced,  6,350  pounds,  50.40  per 
breeze  produced.  661  pounds,  5.25  per  cent.     Total  yield,  55.65  per  cent;  dark 
color;  poor,  dense  coke. 

Analysis. 


Washing  test  181. 

Coking  test 

Raw 
i     coal. 

Washed 
coal. 

Coal. 

9.37 

30.38 

53. 3f. 

6.89 

1.09 

c. 

Moisture 

7. 78 

9.75 

V^olatilo  mutter 

29  85 

Fixed  carbon 

1        52. 39 

g 

Ash 

9. 98 

7.12 
1.05 

1 

Sulphur 

1          1.32 

Phosplxorus 

1 

I 

/ 
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BRIQUETTINO  TESTS. 

Illinoifl  No.  28. 

TeUs  140^,  HI*,  Ui*y  14S*,  162,  163  (coal  A,  washed  screenings.)— Size  as  used:  ^ 
inch  to  }  inch,  3.0  per  cent;  A  i^ch  to  ^  inch,  13.0  per  cent;  ^  inch  to'^  inch,  20.2 
per  cent;  through  ^  inch,  63.8  per  cent.  There  was  no  appreciable  difference  in 
'briquets  with  6,  7,  and  8  per  cent  binder  made  on  English  machine  and  8  per  cent  on 
Renfrow  machine.  Renfrow  briquets  made  with  less  than  8  per  cent  binder  were 
not  satisfactory.  The  satisfactory  briquets  had  hard,  smooth  outer  surfaces,  broke 
with  clean  rough  fracture  without  crumbling,  and  edges  were  hard  and  sharp.  Ren- 
frow briquets  could  be  handled  warm  and  piled  without  crushing. 
For  analyses  of  briquets  from  tests  162  and  163  see  page  108  (steaming  test  459). 


....*'F. 


DetiUls  of  manufacture: 

Machine  used 

Temperature  of  briquets 
Binder- 
Kind... 

Laboratory  No.  (see  p.  40) , 

Amount per  cent. 

Weight  of— 

Fuel  briquetted pounds. 

Briquets,  average do. . . 

Heat  value  per  pound- 
Fuel  as  received B.  t.  u. 

Fuel  as  fired do 

Binder do 

Okd  test  (1-inch  screen) : 

Held percent. 

Passed do... 

Tambler  test  (1-inch  screen)  : 

Held do... 

Passed  (fines) do. . . 

Fines  through  10-mesh  sieve. . .do 

w»thering  test: 

Time  exposed days. 

Condition 

"ater  absorption: 

In  19  days por  cent. 

A verag«»"  for  first  5  days do 

°P«iflc  gravity  (apparent  j 


Test  140*. 


*U6 

6 

16,000 
3.44 

10,611 


I  I 

Test  141*.  Test  142*.  Test  143*.  Test  102. 


16,478 


182 
A. 


"iiFo 

7 

16,000 
3.54 

10,611 
11,567 
16,478 


Eng. 
185 

8 

16,000 
3.45 

10,611 
11,927 
16,478 


182 


Renf. 
131 

w.g.p. 

1410 

8 

134,000 
.502 

10,011 
12,026 
16,478 


182  : 
A. 


173 
B. 


10,611 
11,637 
16,870 

61.5 
38.5 

73.5 
26.5 
94.5 


Test  163. 


Renf. 
131 

^?fe 

8 

7 

40,000 
!463 

8,000 

a62 

127  ! 
B.  I 

13.6 
1.84  , 
1.041  I 


10,611 
11,637 
16,870 


173 
B. 


Extraction  analyses. 


.jxT  writ. 


Lahorator>'  No 

AiMn'ing  loss 

Extracted  bvCSj: 

•Vir  dritHl do. 

As  iTa'i  ved . , «lo. 

Pitch  in  briquets,  as  rcoeivcd do. 


ritch. 


Fuel. 


Briquets, 
,  test  143*. 


1 

3409 
9.30 

4066 

1 
.23    

.21 

9.  1.5 

TfM^  144*,  1^)8*,  159,  160*,  IfiJ  [roal  B.  ratr  sirt(jnn(js). — Sizr  lus  used:  Over  { 
inch.  0.4  per  cent;  f'^,-  inch  to  \  inch,  :i.S  per  cent:  ^  inch  to  j\j  inch.  13.4  per  cent; 
ii  inch  to  2V  inch,  24.'8  per  cent:  through  ,'„  inch,  57.0  per  cent.  These  ])ri(iiiet8 
showed  the  same  characteristics  iis  those  iiiiide  from  lUinois  No.  28  A,  except  that 
when  cold  their  surfaces  were  tougher  and  h'ss  habU*  to  ])reak  down  from  abrasion 
than  those  of  the  briquets  from  tlie  washcxl  fuel.  For  analyses  of  briquets  from  lest 
161  see  page  108  (steaming  test  457). 
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Test  144*.  Test  158*.  Test  159. 


Details  of  manufacturr: 

Machine  used 

Temperature  of  briquets **F. 

Blndfer— 

Kind 


Laboratory  No.  (see  p.  40). 


Amount per  cent. 

Weight  of— 

Fuel  briquetted pounds. 

Briquets,  average do. . . 

Heat  vfuue  per  pound- 
Fuel  as  received B.  t.  u. 

Fuel  as  fired do. . . 

Binder do. . . 

Drop  test  (1-inch  screen) : 

Held do... 

Passed do . . . 

Tumbler  test  (1-inch  screen) : 

Held do... 

Passed  (fines) do. . . 

Fines  through  10-mesh  sieve do. . . 

Weathering  test: 

Time  exposed days. 

Condition 

Water  absorption:  • 

In  19  days per  cent . 

Average  for  first  5  days do. . . 

Speciflo  gravity  (apparent) 


{       3024   } 


Test  leo*.  Test  la. 


Renf. 
131 


w.  g. 


c.  t.  p. 

3692 

8  6 


123.000 
0  524 

11,329 

12.094 

a  16. 300 

49  0 
51.0 

79-0 
21.0 
85.0 

141 
C. 

15.5 
1.98 
1.075 


c.  t.  p. 


20.000 
3.60 

28,000 
3.51 

11.329 
12,161 
16,103 

11,329 
12,161 
16,103 

77.9 
22.1 

72.3 
27.7 

77.8 
22.2 
80.0 

72.1 
27.9 
87.7 

143 
B. 

137 
B. 

14.3 
1.40 
1.092 

12.6 
1.30 
1.112 

Ife 

c.  t.  p. 
12  ,  3692 
7  8 


20.000  , 
3.63 

11.329 
12.161 
16,103 

80.6  ' 
19  4  j 

66.4 
33.6 

78  3  I 

137  I 
B.  I 

13.9      I 
1.40 
1  075  . 


Renf. 
131 


30.000 

a48i 

11.329 
12.092 
16,870 

41.0 
59  0 

59  5 
40.5 
89  5 

112 

r. 

16.0 
2  14 
1.088 


o  Equal  weights  of  two  binders  were  used  and  the  calorific  value  determined  Irom  the  separate 
calorific  values  of  the  binders. 

Extraction  analyses. 


Pitches. 


Fuel. 


I 


Laboratory  No 3486  |      3624        3fl92  I      3885,      .3423         4144  j      4150  ! 

.\Ir-drying  loss percent.. 6.20 

Extracted  by  CSi:  !  i  , 

Air  dried do ' I        .25 

Asrrceived do....      85.57       99.60       69  71      .95.20,        .23;      7.54;      .V 12  , 

Pitch  in  briquets,  as  received,  .do ' I &  57  I      7. 0?  I 


Test 
144*. 


Briquets. 

!  Tests  I 

;    158*,        Test 

159,  161. 

160*. 


4121 
2.90 

5.96 
5.79 
6.77 


IJLLINOI8  NO.  2?>. 

Bituminous  coal  from  bed  No.  5  at  Livingston,  Madison  County, 
was  designated  Illinois  No.  29.  This  coal,  as  worked  at  a  depth  of 
286  feet  at  this  place,  averages  6  feet  10  inches  in  thickness. 

Two  samples  were  sliipped  under  the  supervision  of  K.  M.  Way,  as 
follows:  Illinois  No.  29  A  consisted  of  screenings  through  a  2-inch 
shaking  screen  and  was  used  in  steaming  test  465  (on  briquets); 
washing  tests  183  and  184:  coking  tests  169  and  170;  cupola  t^sts 
150,  157,  and  164;  and  briquetting  tests  170  and  171f.  Illinois  No. 
29  B  consisted  of  nin-of-mine  coal  and  was  used  in  steaming  tests 
460,  461,  and  466  (on  briquets) ;  producer-gas  test  139,  and  briquetting 
test  175t. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3911 
was  taken  1,600  feet  south  of  the  shaft,  where  the  coal  measured  7 
feet   IJ    inches  in   thickness.     Sample   3913   was   taken   1,200   feet 
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northwest  of  the  shaft,  where  the  coal  measured  6  feet  6J  mches  hi 
thickness. 

CHEMICAL  ANALYSES. 
Illinois  Ko.  29. 


Ca 

B. 

3958 
7.30 

12.47 
33.12 
41.85 
12.56 
4.37 

5.37 
57.17 

1.00 
19.53 

r  samp] 

es. 

Steaming  tests,  a 

Briquet- 
ting  test 
1711  (A).k 

Mine  sam- 
ples. 

~  \~    ~ 

A. 

B. 

A. 

3963 
&60 

13.10 
30.78 
40.12 
16.00 
4.17 

5.26 

54.26 

.89 

19.42 

®'        465. 
3980       42X1 

460. 

461. 

466. 

Uboratory  No 

3011 

3913 

4245 

Air-dryiog'ioss 

5.50 

12.25 
33.76 
41.66 
12.33 
4.42 

5.44 

58.30 

.80 

18.71 

Proximate: 

Moisture 

14.25 
35.52 
4a  70 
9.44 
3.72 

12.69 
37.40 
41.15 
a  76 
3.62 

14.23     11.09 
34.63     33.68 
43.96     41.17 
7.18     14.06 
2.84       4.63 

4.78  4.45 
72.39     63.96 

1.08  1.11 
10.07      9.46 

8.37  1  15.81 

3.31  5.21 
1 

12.41 
35.42 
42.15 
10.02 
3.51 

4.77 
68.47 

1.20 
10.11 
11.44 

4.01 

laoo 

36.33 
43.01 
10.66 
3.24 

4.82 
69.45 

1.26 

9.03 
11.84 

3.60 

12.29 

VolAtUe  matter 

Fixed  carbon 

37.16 
43.99 

Ajh 

6.56 

Sulphiu- 

3.56 

TJWmate: 

4.91 

Cwrbon!. ... 

72.23 

Nitrogen 

1.07 

Oxygen 

10.26 

aS^;..::::::::::::: 

y 

7.47 

Sulphur..                      '       - 

5,546 

5.9.'t5 

4.06 

Calorific    value  1^,^^^. 
determined  ^J'lf " 

6,051 
10,892 

6,242 
11,236 

5,926 
10,667 

9,983    10.719 

1 

(M  received)..  J      *-•"••• 

1 

•  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
^  Proximate  analysis  of  fuel  as  received;  ultimate  analysis  on  dry  basis. 

STEAIONO  TESTS. 
Illinois  No.  29. 


I 


Test  465.   Test  460.   Test  461.    Test  466. 


Sixeasosed: 

Over  1  inch .  r>^r  cent. . 

i  inch  to  1  inch do  .. 

i  inch  to  i  inch do. .: . 

Under  \  inch do 

Average  diameter inches 

Duration  of  test hours 

Hetting  value  of  fuel B.  t.  u.  per  pound  dry  fuel. . 

Foroe  of  draft: 

Under  staclc  damper inch  water. . 

Alx>ve  fire do 

In  ash  pit do 

Furnace  temperature °F  . 

Dry  fuel  used  per  square  foot  of  grate  surfae<»  per  hour,  pounds  . 
Equivalent  water  evaporated  per  square  foot  of  water-heating 

surface  per  hour pounds 

Percentage  of  rated  horsepower  of  boiler  developd 

yitkier  apparently  evaporated  per  pound  of  iinl  as  find, 

pounds 

^\  ater  evaporated  from  and  at  212°  F. : 

Per  pound  of  fuel  as  fired 

Per  pound  of  dry  fuel. 

Per  pound  of  combustible 

Efficiency  of  boiler,  including  grate 

Fuel  as  fired: 

Per  indicated  horsepower  hour 

Per  electrical  horsepower  hour 

Dry  fuel: 

Per  indicated  horsepower  hour ...  d« 

Pi  r  electrical  horsepower  hour d( 


I 


See    p.  , 
114.       ' 


9.98 
13, 121)  I 


0.81  I 
.15  I 


34.1 
21.5 
13.2 
31.2 
0.81 
10. 05 
11,945 

0.80 

.18  i 


51.4 

22.4 

10.7 

15.5 

1.04 

5.42 

12,?28 

0.84 
.18 


See    p. 
114. 

10.07 
12,7G2 

0.82 
.16 


pounds 
..do... 
...<lo  . 
{MT  ci'nt 

pounds 
.  ..    .do   . 


2.<i<i5  ' 
'20.35  I 

3.r,2 
101.0 

«i.  34 

_     ,  i 
7.  (.5 
H.91    I 

(,:..  5K 

3.  70 

4.  5<i  I 

3.  17 
3.92 


2,759  I 
21.38 

3.44 
9<i.  3 

5.93 

7.  \i\ 

K  05 

9.  88 

(io.  08 

3.  95 

4.  .S8 

3.  51 

4.  .34 


2. 810 
22.32  I 

3.72 
104.2 

(i.  05 

7.31 

8.34 
9..>H 
«.3.2.S 

3.  S7 

4.78 

3.3) 

4.  19 


2.784 
22. 32 

3.90 
109.2 

0.52 

7.87 
8.74 
10.03 
•W..  14 

3.  59 
4.44 

3.24 
3.  99 


Remarks. — Tt»5t  465 on  English  and  ]{<'Tifr(>w  hriijuots  fn»rii  ti'st.*^  170  and  ITIf  (equal 
weights)  burned  with  mediuni-lcngih  llainc  making  (J  per  cent  ])lack  sniokc:  42  per 
rf-nt  clinker,  very  hard,  brittle,  and  of  a  dark-gray  color  and  gla.s.sy  fracture.  Test 
466  on  briquets  from  test  1751  Imrned  with  a  hot  (ire,  medium  flame,  making  13  per 
cent  black  smoke;  38  per  cent  clinker,  gray,  hard,  iK)roiiB;  steam  jet  used  to  kee^ 
from  sticking  to  grates*  ash  gray  in  color,  gritty. 
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PBODUCEA-GAS  TEST. 

Illinois  No.  29  B  (run  of  mine). 

Test  1S9. — Size  as  used:  Over  1  inch,  66  per  cent;  i  inch  to  1  inch,  17 percent; : 
to  J  inch,  7  per  cent;  under  J  inch,  10  per  cent.  Duration  of  test,  50  hours.  A\ 
electrical  horsepower,  194.3;  average  B.  t.  u.  per  cubic  foot  of  gas,  141.2;  tota 
fired,  17,250  pounds. 


Coal  coTMumed  in  producer  per  horsepower  hour  (pounds) 

Per  electrical  hor8ei>ower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 

EquivcUent  used  by  producer  plant  (pounds). 

Per  electrical  horsepower: 

Commerclallv  available 

.  Developed  at  switchboard 

Per  brake  horsepower: 

Commercialiv  available 

Developed  at  engine 


Coal  as 
fired. 


1.86 
1.70 


1.58 
1.51 


2.00 
1.91 


1.70 
1.62 


Dry 
coal. 


Cc 
t 


1.63  I 
1.56 

1.39 
1.33 


1.76 
1.67 


1.40 
1.42 


Analyses. 


Coal. 


Moisture 12.26 

Volatile  matter 33.76 

Fixed  carbon 41.66 

Ash 12.33 

Sulphur 4.42 


Oas  by  volume. 


Carbon  dioxide  (COf)  . . . 
Carbon  monoxide  (CO)  , 

Hydrogen  (Hj) 

Methane  (CII<) 

Nitrogen  (Nj) 

Ethylene  (Cf  H^) 


WASHING  AND  COKINO  TESTS. 

Illinois  No.  29  A  (scrconings). 
WashinQ  tests. 


Tvst  183.  !  Test 


Jig  iistMl Stewart 

Raw  coal .  pounds.. |  18,000 


Washed  coal. 


I. ...do.... 
tper  ct»nt. . 

Refuso KS'^nr- 

\pcr  cent . . 


13.750 

76 

4,250 

24 


Coking  tests  (on  washed  coal). 


Test  169. ,  Teff 


Size  as  used 

Duration  of  tost hours. . 

Coal  chargwl - pounds. . 

Cokei,ro<luml {peVccni:: 

Brcoxc  produced {^r^Hi/. 

Total  yield do 


f.c. 

74 

12.010 

4,950 

41.22 

(1^4 

5.70 

46.92 


Remurks. — Test  169:  Poor,  dense  coke;  high  sulphur, 
but  poor  coke  with  high  sulphur  content. 


Test  170 :  Better  than  tesi 
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Analyses. 


Washing  test 
183. 

Washing 

test  184 

(washed 

coal). 

Coking  test 

Coking  tost 

Raw 
coal. 

Washed 
coal. 

Coal. 

Coke. 

Coal. 

Coke. 

Hoistim 

13.10 
30.73 
40.12 
16.00 
4.17 

15.86 

15.86 

15.63 
33.88 
42.81 
7.68 
3.13 

0.72 

.90 

84.62 

13.76 

2.57 

18.39 

32.87 

41.63 

7.21 

3.06 

2.78 

Volatile  matter     

.74 

viymI  flar^K)!!                                    - 

83.35 

Ash 

7.70 
3.06 

7.70 
3.06 

13.13 

Sulphur 

2.49 

Cupola  tests  ofcohe  made  from  Illinois  No.  29  A  coal  (washed). 

CHAflOE. 


Coke. 


Cupola" 
tttt 
No. 


1.50 

157 
IM 


I  Spe- 

Test  cfflc 

No.  grav- 

I  Ity. 


Ratio 
Iron  to 
coke. 


Fluid- 
ity 
strip 
lull. 


Divisions  of  charge. 


170 
170 
170 


1.83 
1.83 
1.83 


Per  ct. 

7  '    94.44 

6  I    -97.22 

8  i    94.  44 


Materials. 


^oke... 

Piff  Iron 

Coke 

,. Pig  iron 
I/Coke... 

Pig  Iron 


I 


b9. 

Lbs. 

190 

00 

760 

560 

190 

78 

760 

560 

200 

44 

800 

550 

Lbs. 

60 
560 

78 
560 

44 
550 


Lbs. 

60 
560 

77 
560 

44 
550 


Total. 


Lbs. 

Lbs. 

60 

430 

560 

3,000 

77 

600 

560 

3,000 

43 

375 

550 

3,000 

RECORD  OF  MELT. 


Blast  pressure.     |              1        Weight  of  Iron. 

Melting. 

Recovered. 

^opoU 
No. 

On  at— 

1   Iron 

1    run- 

Maxl-i    ning 

mum.      In— 

Addi-  I 

!   tion- 

Poiired.       al        Total. 

1   melt-  1 

ed. 

Time. 

Rate 

per 

hour. 

Lbs. 

4,278 
5,  1.50 
3,252 

Ratio, 

Iron 

to 

coke. 

I/08.S. 

Iron. 

Coke. 

l.iO 

10.59  a.  m... 

3.15  p.  ra 

U.lOa.  m... 

Oz.      Min. 
7           12 
7             10 
7              9 

Lbs.        Lbs.        Lbs. 
2.m>5           329  1  2,424 
2.  l9o           400     2,  iWU 
1.3:31           295  1  1.026 

Min. 
34 
31 
30 

Per  ct.\  Lbs. 
6.12       5.53  1     410 
6.02       5.37       178 
4.8,5       0.77    1,171 

Lbs. 
34 
58 
40 

SILICON,  M.VXr.ANESE.  ETC. 


Manga  lies 


Sulphur. 


Cupola 
No. 


l.^i 


Li: 


hH 


Materials. 


Amotuit 
use'l 
(lbs.).     PiTc-nt, 


Content 
I   of  coke 
combined 
rounds.  Prrcont.  roiintls.  IVrcent.  Pounds. j  with  iron 

1  molted 

(per 
cent). 


1 


2.  12 


1.91 
9.  IH) 


:v.¥j 


(Pig  iron 

Melted  iron: 

Amount 

Gain  or  loss 

(Coke 

(I'ig  iron 

Melted  iron: 

Amount 

Gain  or  loss 

ICoke 

[Pig  iron 

Melted  iron: 

Amount | 1 .  (is 

Gain  or  loss..  J -2().()0 

ICoke :m    


51.  :w 
4f..  M) 


0.059 


.155  3.757 

-12.93        -  .558 


448 


2.  12 


1.  H4 
13.  21 


4H.  <M\ 
-   7.  45 


.  i:« 

-25.  2<> 


4.737 


3.5:i9  I 
-1.  198  I 


2.  10 


27.  32 

0.83  , 


.  Ill 
-31.90 


1.  sa5 

-   ..S4.5 


1.  4302 

.086       2.0844> 

4-  .027    -h  .•►.544 

2.  49         9.  9^51 

.059  I     1.5700 

.108  2. 87,39 

+  .049  +1.3039 

2.49  I  11.  1.5.52 

.  098  1.  593.5 

.  i;«  I     Z  162t'.  I 
+  .0:15  l-f  .5091 
2.  49         a  4411   i 


19698— Bull.  No.  332— <)8 
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Cupola  tests  of  coke  Tnade/rom  Illinois  No.  29  A  coal  {washed) — Continued. 
LADLE  RECORD. 


Ladle 
No. 


4. 
6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 


Teat  ISO.a 


Lbs. 


55 
96 
110 
69 
103 
103 
75 
98 
103 
70 
102 
103 


Time 
(a.m.). 


11.14 
11.18 
11.19 
11.23 
U.23i 
11.24 
11.25 
11.2^ 
11.26 
11.27 
11.27i 
11.28 


Test  157.« 


Lbs. 


19 
95 

107 
86 
87 

107 
85 
81 

100 
80 

101 

101 


Time 
(p.m.). 


3.28 

3.32 

3.321 

3.33 

3.36 

3.361 

3.37 

3.40 

3.40} 

3.41 

3.43 

3.43} 


Test  164.6 


y^_  I   Time 
^^^'  (a.m.). 


11.25 
11.25i 
n.28 
11.28}' 

11.29  , 

11.30  I 

11.31  ; 
11.38 
11.38}' 
11.39  I 
11.43  I 
11.43} 


Ladle 
No. 


13... 
14... 

15... 
16... 
17... 
18. . . 
19... 
20... 
21... 
22... 
23... 
24. . . 


Teat  160.a    I     Teat  157.a     I     Test  164.6 


Lba. 


66 
99 
97 
90 
96 
100 
97 
94 
88 
92 
67 
20 


Time 
<a.m.). 


Lba.  I  Time  L^^ 
j(p.m.^.i 


Time 
(a.  m.) 


11.30  I 
11.30}' 

11.31  , 
11.34 
11.34}' 
11.36  I 
11.40  I 
11. 40} 
11.41 
11.43 
11.44 
11.45 


107 
97 
98 

106 

102 
90 
88 

109 
85 
83 
93 


3.44 
3.45 
3.4^ 
3.46 
3.48 
3.48} 
3.49 
3.52 
3.52} 
3.53 
3.55 
3.56 


84 

78  I 
136 
53 
40 


11.44 
11.46 

11.48 
U.49 


a  Pig  iron  used  from  car  27633.  b  Pig  iron  used  from  car  131943. 

Remarks. — Test  150:  Temperature  of  iron,  medium.     Test  157:    Iron  hot.     Test  1(>4: 

Iron  cold.  

BBIQUETTING  TESTS. 

Illinois  No.  29. 

Tests  170  and  77/t  {(^oal  A,  washed  screenings). — Size  as  used:  Over  }  inch,  3.6  per  cent: 
^jf  inch  to  i  inch,  8.6  per  cent;  ^^  inch  to  ^  inch,  16.2  per  cent;  ^  inch  to  ^  inch,  20.8 
per  cent;  through  ^^  inch,  50.8  per  cent.  Satisfactory  briquets  were  made  on  both 
machines  witli  7  per  cent  binder.  Briquets  were  very  hard  and  tough,  and  broke  with 
rough  fracture  and  hard  edges.  Renfrow  briquets  were  well  molded  and  stood  handling 
when  warm.     For  analyses  of  briquets  from  test  170  see  page  111  (steaming  teat  465). 

Test  i75t  (coal  B,  raw,  run  of  mine). — Size  as  used:  Over  i  inch,  3.2  per  cent;  ^ 
inch  to  i  inch,  9.8  per  cent;  ^^  inch  to  ^  inch,  16.4  per  cent;  ^  inch  to  ^  inch,  25.8 
per  cent;  through  :^  inch,  44.8  per  cent.  The  briquets  were  identical  with  those  made 
of  the  washed  coal ,  except  that  fracture  was  rougher  and  harder,  as  fuel  did  not  crush  so 
fine  in  grinding.    For  analyses  of  briquets  from  test  175t,  see  page  111  (steaming  test  466). 


B. 


Test  170. 


Details  of  manufacture: 
Machine  uaed. 


Temperature  of  l»riq:io. s °F. 

nder— 


Bind 


Kind 

Laboratory  No 


(se(»p.  40  ,{ 


Amount per  cent . 

ht  of  - 

uel  i)riquetted pounds 

iriouets.  average. 
Heat  value  per  pound 


Weight  of 


Briouets.  average do. 

at  value  per  pound 

Fuel  as  received ., B.  t.  u.. 

Fuel  as  flred do 

Binder do 

Drop  test  (1-inch  screen  t ; 

I  Teld per  cent . . 

Passed do 

Tuml)Ier  test  (1-inch  screen) : 

Held per  cent . . 

Passed  (fines ) do 

Fines  through  10-mcsh  sieve do 

Weathering  test: 

Time  exposed days . . 

Condition 

Water  absorption: 

In  19  days per  cent . . 

Average  for  flrsi   - 

2  days do 

5  days do 

Specific  gravity  (apparent) 


{  T.fS: 

4319 
4543 

7 

6,000 
3.84 

11,844 

11.254 

a  16, 654 

74.4 
25.6 

94.0 

.06 

81.2 

56 
C. 

17.0 

5.15 

"""i.653 


Test  ITlt.    Test 


Renf. 
131 


w.  g.  p. 
4543  , 


24,000 
.437 

11.844 
11,671 
16,969 

47.0 
53.0 

75.0 
2&0 
87.3 


55  ' 
B.  , 


«.5 
5.05 


Renf. 
131 

wr.  g.  p. 
4543 

7 

15.000 
.465 

10,667 
11.485 
16,960 

5a5 
49.5 

77.5 
22.5 
9a2 

53 
B. 

1&8 


2.42 
1.042 

o  Equal  weights  of  two  pitches  were  used  and  the  calorific  value  determined  from  the  separate  calo- 
rific values  of  these  pitches. 


ILLINOIS  XO,  30, 

Bituminous  coal  from  bed  No,  7  at  Shiloh  station,  St,  ClaJr  County, 
m  the  Southern  Raihvay,  was  designated  Illinois  No,  30,  The  coal 
m  worked  at  a  depth  of  126  feiet  at  this  place  averages  6  feet  S  inches 
tliickness* 

One  sample,  shipped  under  the  superTisioii  of  K.  M.  Way,  eon- 

isted  of  nut  coal  through  a  3-inch  and  over  a  2-inch  shaking  screen, 

iiid  was  used  in  steaming  te^t  511  (on  briquets);  producer-gas  teat 

57;  washing  tests  190  and  190a;  and  briquetting  testa  225,  226,  and 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3910 
waa  taken  900  feet  southwest  of  the  shaft,  where  the  coal  measured 
0  feet  9  inches  in  tliickness.  Sample  3912  was  taken  800  feet  north- 
I4st  of  the  shaft,  where  the  coat  measured  6  feet  8  inehea  in  thickness* 

CHEMlCAt  AHALTSES* 
lUinois  No.  30. 


t^bomtarj  Ho,...*. 

M^jrure.. 

Fixed  cmrhaa,.,. 


Tilufi  detenntoftd  (*•  T6c»iwd)  „..,.,..  |^y*JJ* - 


MIdp  AajTipl&». 


CAr 
pie. 


3»10 
10.73 

3g.oo 

40.41 
i.12 


I 


^13 


9.m 

37.  (Ul 

lam 


I3f^ 
a.  70 

n.m 

i3i 

£.# 

ST.  15 

,14 

1^» 


5,S 
10, « 


BteamlRK 


4SH 


S>.7R 

X-21 

71.7* 
a  Oft 

«.ai 


■  Pimidmat^  amJ^ils  of  fml  «a  And;  ultiimitci  on^yelB  of  dry  fuel  dgamA  trotu  t^  r  uunple. 
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STEAIONO  TEST. 

Illinois  No.  30  (washed). 


Duration  of  test hours. .  I 

Heating  value  of  fuel B.  t.  u.  per  pound  dry  fuel. .  i  13, 

Force  of  draft: 

Under  stack  damper .• inch  water ...  ( 

Above  flre do I 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour  pounds.  .<  2C 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour do 3 

Percentage  of  rated  horsepower  of  boiler  developed 1( 

Water  apparently  evaporated  per  pound  of  fuel  as  fired pounds. .  i 

Water  evaporated  from  and  at  212*  F.: 

Per  pound  of  fuel  as  fired do 7 

Per  pound  of  dry  fuel do '  ? 

Per  pound  of  combustible do '  9 

Efficiency  of  boiler,  including  grate pei  cent. .  62 

Fuel  as  fired:  •  I 

Per  indicated  horsepower  hour pounds. .'  3 

Per  electrical  horsepftwcr  hour do ;  i 

Dry  fuel:  | 

Per  indicated  horsepower  hour do 3 

Per  electrical  horsepower  hour do 4 


Remarks. — Test  made  on  English  briquets  from  tests  225  and  226  (equal  part 
Fuel  burned  slowly  with  hot  fire,  medium  flame,  and  no  smoke;  40  per  cent  clinker. 

PBODUCEB-GAS  TEST. 

Illinois  No.  30  (washed). 

Test  157. — Duration  of  test,  50  hours.     Average  electrical  horsepower,  199;  aver 
B.  t.  u.  per  cubic  foot  of  gas,  154.4;  total  coal  tired,  16,200  pounds. 


fln>d.     I  ^^^  ^^^^\     lil)|4 


Coal  consumed  in  producer  per  horsrpowcr  hour  (pound^f).  <  I 

Por  electrical  horsppower:  ; 

Commercially  avaiiHl>io l.Gft  ,  i.no  1 

Developed  at  switch  board '  l.(i3  '  1.54  I 

Per  brake  horsepower: 

Commercially  availjible 1.44.  1..3<>  1 

Developed  at  engine ;  1.3S  \  1.31  1 

Equiialcnt  used  by  producer  pUnit  (poundttK 

Per  electrical  horsepower: 

Commercially  a vailal)le I  1. 7S  |  1 . r.8  1 

Develowd  at  switch  hoard .• 1.71  1 . r.l  1 

Per  brake  horsepower: 

Commercially  available !  l.TA  \  1.4.'^  1 

Developed  at  engine I  1 . 4.5  I  1 .  37  1 


Analyses. 
Coal.  Oils  by  volume. 


Moisture 5.  .'iO      Carbon  dioxide  (COf) . . . 

Volatile  matter 3fX.iO      Carbon  monoxide  (CO) . 

Fixed  carbon 4o.  4,')  ,   llvdrogen  (111) 

Ash {im  I   Methane  (CI1<) 

Sulphur a  37      Nitrogen  (Nj) 

1  Ethylene  (CjII^) 


TESTS — ILLINOIS. 

WASHING  TESTS. 

Illinois  No.  30. 
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Test  190. 


I  Barfttioa  of  tost hoars. 


I 


Sn  as  used .  .thxou^  screen.!  2i-inch. 

ngsdjiistment: 

Make  or  number ;  Stewart. 

Speed r.p.m.J  35 

Stroke inches..!  6 


Test  190b, 


1-inch. 

Special. 
70  I 
2i 


Raw  coal tons. . 

W'"'«"'«"" Lr1o°nt:: 

^^ ^'^i:: 


Test  190. 


Test  190a. 


15 

11.60 

77 

3.40 

23 


12.45 
10.1 

81 
2.35 

19 


Analyses. 


Sample  tested. 


Bavcoal,  car  sample 

^•^"^ {I^ISl: 

Kefose.  test  190a 


Lab.  No. 


4364 
4379 
4621 


Moisture. 


11.60 
12.36 
13.67 
11.22 


Ash. 


Percent. 


13.19 
9.44 
7.89 

46.50 


Per  cent 
reduc- 
tion. 


28.3 
40 


Sulphur. 


Percent 


4.38 
3.26 
3.15 
9.59 


Percent 
reduc- 
tion. 


25.6 
28 


Float  and  sink  tests. 


No.  of  test. 


On  raw  coal  (preliminary) : 


On  refuse  (float)*  of  test  190a 


Sice 
used 
(inch). 


Specific 
gravity 
of  solu- 
tion 
used 


Percentage  of 
float- 


To  ref- 
use. 


To  to- 
tal sam- 
ple. 


Sink 
(per 
cent). 


Analyses. 


I 


i.3r. 

1.41 
1.47 
1.5G 

I 

i.m 

1.40  I 

1.45 

1.51 


15.  H 
20.  IH 
29.  <K) 
.'i;{..=)0 


73 

84  1 
88  1 
90  j 

2.98  1. 

4.13  ,. 

5.ti3  •. 

r..31  . 


Ash. 

Sulphur. 

Per 

Per 

Per 

cent 

Per 

cent 

cent. 

reduc- 

cent. 

reduc- 

tion. 

tion. 

7.10 

46 

3.29 

23 

8.69 

34 

3. -29 

23 

8.98 

31 

3.33 

23 

9.50 

27 

3.41 

22 

8.00 

3.12 

11.30 



3.42 

12.00 

3.43 

a  Loss  of  good  coal  2.98  ix^r  cent. 

BEIQUETTING  TESTS. 

lUiiioiH  Xt).  30  (nut,  washed). 

Tests  225,  226,  228. — Size  a.^  iij^od:  ()v(T  \  inch,  2  per  cent;  ^q  inch  to  }  inch,  7 
percent;  ^'^  inch  to  y^  inch,  17.4  per  cent ;  j\,  inch  to  _.',j  inch,  20.8  per  cent;  through 
4^;  inch,  52.8  per  cent.  Briquets  satisfactory;  had  a  hard,  rough  exterior  and  broke 
with  a  rough,  uneven  fracture,  with  crumbly  edgos.  All  briquets  had  a  bluish  color 
and  fracture,  which  showed  an  excess  of  pitch.  The  Renfrow  briquets  showed  insuf- 
ficient pressure.  For  analysis  of  briquets  from  tests  225  and  22G  s(»epage  115  (steam- 
ing test  511). 
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Tert 
22S.-. 


Test 
226. 


T«rt 


Details  of  mannfacture: 

Machine  used Eng.         Eng.  I 

Tempeiattue  of  briquettes °F..  1»  185 

Bioder—  I  { 

Kind I  w.g.p.     w.g.p.       w.g.p. 

LaboimtoryNo.  (seep.40) «fe  «fc  %& 

Amount percent..;  6  7  ;  aS 

Wei^tof—  I 

Fuel  briquetted pounds. . 

Briquets,  average do ' 

Heat  value  per  pound- 
Fuel  as  received B.  t.  U..I 

Fuel  as  fired do | 

Binder do • 

Drop  test  (1-inch  screen; :  | 

Held percent..' 

Passed do.... 

Tumbler  test  1-inch  screen) : 

Held do . . . 

Passed  (flnes) do. . . 

Fines  through  lO-mesh  sieve do. . . 

Water  absorption: 

In  13  days do . . . 

In23days do I6u2 

Average  for  first  5  days do I         1.35  1.98  2.10 

Specific  gravity  (apparent) 1.087.       1.080.        l.oeo 


6,000  ' 

iso 

11,921 
11,977 
16,864 

8a2 
10.8 

76.9  ! 
24.1  • 

82.6 ; 

&6  ! 


6,000 
3.45 

11,921 
11,977 
16,864 

81.5 

1&5  I 

79.0  I 
21.0  ' 

85.0    ; 

a*! 


Renf. 
1S6 


6,500 

a4a 

11,921 

(«) 

16,864 

47.0 
510 

82.5 
17.5 
95.0 


o  No  test. 

Extraction  analyses. 


Laboratory  No 

Air-drying  ioss per  cent. 

Extracted  bvCSi: 

Air-dried do. . . 

As  recpi ved do . . . 

Pitch  In  briquets,  as  rBceivi'd do. . . 


Pitfch. 


Fuel. 


Briquets, 

tests 
I  225.226. 


4806 


4364 
&70 


96.90 


4n4 
5.3» 

&53 
&1S 
5.80 


Ilil.INOIS  NO.  31. 

Bituminous  coal  from  bed  No.  6  at  Warden,  St.  Clair  County,  on 
the  Wabash  Railroad,  was  designated  Illinois  No.  31.  The  coal,  as 
worked  at  a  depth  of  300  feet  at  this  place,  averages  6  feet  8  inches 
in  thickness. 

One  sample,  shipped  under  the  supervision  of  K.  M.  Way,  con- 
sisted of  screenings  over  a  IJ-inch  shaking  screen,  and  was  used  in 
steaming  tests  (on  briquets)  489  and  491,  and  briquetting  tests  185, 
186,  224t,  and  237t. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
4250  was  taken  1,000  feet  southwest  of  the  shaft,  where  the  coal 
measured  5  feet  lOJ  inches  in  thickness.  Sample  4251  was  taken 
1,600  feet  north  of  the  shaft,  where  the  coal  measured  7  feet  5}  inches 
in  tliickness. 


TESTS — ILX.IN0I8. 
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CHEMICAL  ANALYSES. 
niinoiB  No.  31. 

Mine  samples. 

Car 
sample. 

Steaming  te8t8.a 

Briqoettlng  tests.b 

480. 

491. 

224t. 

237t. 

Labontory  No 

4250 
8.00 

13.17 
34.79 
41.75 
10.29 
3.22 

4251 
9.40 

14.38 
33.92 
42.95 
8.75 
3.13 

4376 
9.70 

13.10 
32.16 
41.49 
13.25 
3.06 

5.44 

4382 

4397 

Pzoximate: 

Holfltme 

14.52 
33.74 
39.40 
12.34 
3.36 

4.68 
67.91 

1.12 

7.92 
14.44 

3.93 

10.81 
33.72 
42.74 
12.73 
3.50 

4.54 
67.31 

1.04 

8.92 
14.27 

3.92 

9.17 
33.03 
43.90 
13.90 

3.90 

.  4.33 
'06.14 
1.01 
8.93 
15.30 
4.29 

6.98 

VolBtUe  mutter 

35.21 

Flx6d  carbon 

42.85 

A#b    ,  „                      ,       .     ,  , 

14.90 

•Sulphur 

3.78 

HTdroeen.      

3.67 

Carbon 

57.31 
1.03 

19.31 

50.48 

Nitrogen 



.83 

OxTiren 

. 

6.67 

Aa&f!^.. ..::::.:..: 

25.03 

Sulphur 

6.42 

Calorific  Talue  deter>/caloiies. 

6,032 
10.858 

6,774 
10,363 

mined  (as  recelvedHB.  t.  u.. 



' 

•  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
^  Proximate  analysis  of  fuel  as  receiyed;  ultimate  analysis  on  dry  basis. 

STEAIONO  TESTS. 

Illinois  No.  31  (briquets). 


]>omtion  of  test hours. . 

Heating  valoe  of  fuel B.  t.  u.  per  pound  dry  fuel. . 

'ores  <S  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Dry  fuel  used  per  square  foot  of  grate  surfiice  per  hour pounds. . 

Equivalent  water  evaporated  per   square   loot   of   water-heating   surface  per 

hour pounds. . 

Percentage  of  rated  horsepower  of  boiler  developed 

water  apparently  evaporated  per  pound  of  fuel  as  fired pounds. . 

"ftter  evaporated  from  and  at  212*  F.: 

Per  pound  of  fuel  as  fired pounds. . 

Per  pound  of  dry  fuel do 

Per  pound  of  combustible do 

EflSciency  of  Iwiler,  including  grat(> per  cent. . 

^oel as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  fuel: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


Test  489. 

Test  491. 

9.47 
12,303 

9.76 
12,335 

0.74 

.14 

21.16 

0.87 

.20 

21.65 

3.49 
97.7 
5.84 

3.56 
100.0 
6.09 

7.06 
8.25 
9.81 
64.76 

7.35 

8.24 

9.77 

64.51 

4.01 
4.94 

3.85 
4.75 

3.43 
4.23 

3.43 
4-24 

Remarks. — Test  489  on  briquets  from  test  ^^^^\  XrH  401  on  briquets  from  test  185: 
Fuel  gave  good  results  with  thick  lire;  ))urne<l  with  a  medium  lonj?  flame,  ami  gave 
2  piT  cent  black  smoke.  Renfrow  l)ri(iuets  gave  17  ])er  cent  and  English  ])riquets  45 
percent  clinker;  brittle,  porous,  dark-irray  color,  and  di<i  not  stick  to  grates. 


BEIQUETTING  TESTS. 

Illinois  No".  ;U  (s<Tt'enings). 

TesU  185,  186,  224^,  i^^rf.— Size  as  u.sed:  Over  }  inch,  3  per  cent;  j'o  in^'^i  to 
i  inch,  8.5  percent;  j^g  inch  to  ^^^  inch,  17  per  cent;  ^'^  inch  to  2^0  inch,  24  per  cent; 
throuirh  ^5  inch,  47.5  per  cent.  I^riquets  were  porous,  with  soft  surfaces,  rough 
fracture,  and  easily  crumbled  edges.     English    briquets    were   handled  from   ma- 
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chine  without  breaking.  Renfrew  briquets  were  not  satisfactory,  owing  to  low  pres- 
sure. This  should  be  a  good  briquetting  coal,  although  dirty.  For  analyses  of  bri- 
quets see  page  119  (briquets  from  test  185  under  "Steaming  tost  491/'  from  test  186 
under  "Steaming  test  489).'^ 


Details  of  manufacture: 

Machine  used 

Temperature  of  briquets 

Binder- 
Kind 

Laboratory  No.  (see  p.  40) . 

Amount 

Welriit  of— 

Fuel  briquetted 

Briquets,  average 

Heat  yalue  per  pound- 
Fuel  as  received 

Fuel  as  fired 

Binder 

Drop  test  (1-inch  screen) : 

Held 

Passed 

Tumbler  test  (1-inch  screen) : 

Held 

Passed  (fines) 

Fines  through  lO-mesh  sieve 

Weathering  test: 

Time  exposed , 

Condition 

Water  absorption: 

In  19  days 

In  13  days 

Average  for  first  3  days 

Specific  gravity  (apparent) 


.percent.. 

.  .pounds. 
do... 


.B.  t.  u. 
...do... 
...do... 


.percent. 
do... 


..do... 
..do... 
..do... 

.days. 


.percent. 

do... 

do... 


Test  1S5.  Test  186. 


Renf. 
140 

V.  g.  p. 
4543 

7 

12.000 
0.460 

10,393 
10,012 
16,969 

64.5 
35.5 

91.5 
8.5 
94.1 

11 
B. 

14.5 


2.70 
1.053 


^;f6 

7 

12,000 
3.77 

10,393 
10,517 
16,969 

79.7 
20.3 

78.8 
21.2 
75.7 

10  i 
A. 

9.2  ! 


Test  2241 


1.60  ' 
1.144 


w.g. 


11,600 
3.91 

10.393 
10,921 
16,637 

24.2 
75.8 

43.3 
56.7 
65.0 


Te8t237t. 


7.4  ! 
1.67  ' 
1.167 


Renf. 
149 

8 

10,000 
0.442 

10,993 
11,158 
16,864 

34.5 
65.5 

80.5 
19.5 

87.5 


13.1 

1.93 

1.123 


Extraction  analyses. 


IMtchea. 


Laboratory  No 

Air-drving  loss per  cent. 

Extracted  by  CSi! 

Air  dried do... 

As  rcct»ived do... 

Pitch  in  briquets,  as  received,  .do. . . 


l.(H)  '    89.31 


Fuel. 


4376 
9.70 


.49 
.44 


Test 
185. 


4397 
8.00 

7.07 
6.50 
6.11 


Briquets. 


Test 
186. 


4382 
11.10 

6.99 
6.21 
5.86 


Test 
224t. 


4830 
4.70 

7.05 
6.72 
7.08 


Test 
2371. 


4890 
2.80 

7.80 
7.58 
7.41 


ILIilXOIS   NO.  33. 


Bituminous  coal  from  bed  Xo.  7  at  Trenton,  Clinton  County,  on  the 
Baltimore  and  Ohio  Railroad,  was  designated  Illinois  No.  33.  This 
coal,  as  worked  at  a  depth  of  320  feet  at  this  place,  averages  5  feet  3 
inches  in  thickness. 

One  sample,  shipped  under  the  supervision  of  K.  M.  Way,  con- 
sisted of  screenings  tlirough  a  1  J-inch  shaking  screen,  and  was  used  in 
steaming  test  513  and  briquetting  tests  206,  207,  210,  and  2351- 

^fwo  mme  samples  were  taken  for  chemical  analysis.  Sample  43S4 
was  taken  1,800  feet  west  of  the  shaft,  where  the  coal  measured  5  feet 
6  inches  in  thickness.  Sample  4385  was  taken  2,000  feet  northwest 
of  the  shaft,  where  the  coal  measured  5  feet  in  thickness. 


TESTS — ^ILLINOIS.  121 

CHEMICAL  ANALYSES. 

Illinois  No.  33. 


:  Steam-     Briquet- 
Mine  sainples.      ■  ingteet    ting  test 

513.*    ,   :a5t> 


UbontoryNo 4384            4385  4728  4888 

.Ur-drying loflfl 4.70           4.80   a90 

Proxinuite:  ' 

MoUture 14.45          15.06;  11.50  9.47 

Volatile  nuitter 29.76          29.48  1  25.44;  28.25 

FUedcarbon 46.16          45.811  42.37  40.75 

Aah 9.63'         9.65  1  20.69  1  21.53 

Sulphur 2.09'          1.05.  1.52  1.56 

UltiinAte: 

Hydrogen 3.?2  3.93 

CartM>n 61.46  .  tK).07 

Nitrogen 1.02  i  1.03 

Oxygen 8.70  9.47 

Aah 23. 38  2:*.  78 

Sulphur. 1.72  I  1.72 

Calofille rahie determined  (ns  n>ceived) {o.'tl^u^ '      10,'726  ' 9*761 


•  Proximate  analysis  of  fuel  as  Arcd;  ultimate  analysis  of  dry  fuel  figured  from  car  samples, 
fr  Proximate  analyris  of  fuel  as  received:  ultimate  analysis  on  dry  baisis. 

STEAMING  TEST. 

Illinois  No.  .33  (.Mcropnings). 


Tost  513.a 


8.68 
11,099 

1.01 
10 


Duration  of  test hours. 

Heating  value  of  fuel B.  t.  u.  per  pound  dry  fuel. 

Force  of  draft: 

Under  stack  damper Inches  water. 

Above  fire do... 

In  ash  pit  (forced  draft) ;  .34 

Furnace  tcmpwature , *>?. .  2, 465 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. .  26. 41 

Equivalent  water  evaporated  per  square  foot  r)f  wa  tcr-heating  surface  \\qx  hour do !  3. 23 

Percentage  of  rated  horsepower  of  boiler  deveIoi>ed 90. 7 

Water  apparently  evai>orated  per  pound  of  coal  as  nre<i pounds. .  i  4. 49 

Water  evaporated  from  and  at  212''  F. :  ' 

Per  pound  of  fuel  as  fired do 1  5. 43 

Per  pound  of  dry  fuel do I  6. 13 

Per  pound  of  combustible do 8. 53 

EfBciencv  of  boiler,  including  grate per  cent. .  53. 34 

>ud  as  fired: 

Per  indicated  horsepower  hour pounds. .  5. 21 

Per  electrical  horsepower  hour do 6. 43 

Dry  fuel: 

Per  indicated  horFepowor  hour do 4. 61 

Per  electrical  horsepower  hour do 5.<i0 


a  Oh  EnKllsh  l)ri(iuets. 

BRIQUETTINO  TESTS. 

"Illinois  No.  33  ('screenings). 

Tt^  t06y  207 f  ilO,  iS5^.—^\7.Q,  as  asocl:  Over  \  inch,  2.0  per  cent;  ^^^  inch  to  J  inch, 
9.8  per  cent;  A  inch  to  ^^  inch,  20.4  per  c(»nt;  jV  ^^^^  ^  io  inch,  27.0  per  cent; 
through  ^  inch,  34.8  per  cent.  The  surface  of  all  briquets  was  soft,  fracture  raggcnl, 
and  edges  easily  broken.  Greater  percentage  of  binder  had  no  apparent  effect  on 
appearance.  Increased  moisture  content  made  a  very  soft,  warm  briquet,  which 
hardened  on  cooling  with  a  harder  surface  than  those  with  less  moisture.  For  analy- 
ses of  briquetssee  above  ( briquets  from  tests  200  and  207  under  "Steaming  tt»st  513"). 
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Details  of  manufacture: 
Machine  used . 


Temperature  of  briquets ^F. 

Binder—  * 

Kind 

Laboratory  No.  (see  p.  40) 

Amount per  cent. 

Weliiit  of- 

Fuel  briquetted pounds. 

Briquets,  average do.. . . 

Heat  vfuue  per  poimd— 

Fuel  as  recaved B.  t.  u. 

Fuel  as  fired do. . . 

Bidder do. . . 

Drob  test  (1-inch  screen): 

Held per  cent. 

Passed do. . . 

Tumbler  test  (1-inch  screen) : 

Held do... 

Passed  (fines) do. . . 

Fines  through  lO-mcsh  sieve do. . . 

Water  absorption: 

In  10  days do. . . 

Average  for  first  3  days do. . . 

Specific  gravi'  y  (apparent) 


Test  a06.  Test  a07.  |  Test  2ia  Test  23 


'?!,    ^?S 


^•fll 


8,000  I 
4.07 

7,634 
9,823  I 
16,637  i 

50.0  I 
50.0  I 

55.6 
44.4  I 


7.8  , 
2.3  I 

1.291  ' 


7,000 
4.12 

7,634 
9,823 
16,637 

61.8  i 
38.2  . 

60.3 
30.7 
72.1  : 

9.4 
2.40  i 
1.280  i 


Renf.  , 
158 


^'«'l 


6,000 
0.474 

7,634 

16,637 

74.5 
25.5 


11.1  . 
2.93  I 
1.232 


Ri- 


'S 


15,  < 
0.' 

7,< 
9,' 

16,  i 

» 

6.' 


94.0  » 

6.0  ;  14 

90.8  O^ 


1. 


a  No  test. 


Extraction  analyses. 


I^aboratory  No 

Air-drying  loss per  cent 

Extracted  by  CSj: 

Air-dri«»a do. . 

.\8  rpc<»ived do. . 

Pi  ch  in  briquets,  ua  rrceived do 


II.I.IXOIS  XO.  34. 


Bituminous  coal  from  1)0(1  Xo.  5  at  Harrisburg,  Saline  County,  o 
the  Bijr  Four  System,  was  (lesi<i;nate(l  Illinois  No.  34.  The  coal,  i 
worked  at  a  depth  of  165  feet  at  this  place,  averages  7  feet  1  inch  i 
thickness. 

Two  samples  were  shipped  under  the  supervision  of  K.  M.  Way,  i 
follows:  Illinois   No.  34  A   consisted   of   screenings  over  a    li-inf 
shakinji;  screen,  and  was  used  in  washintij  test  196.     Illinois  No.  34 
consisted  of  run-of-mine  coal,  and  was  used  in  steaming  test  50* 
washing  tost  197,  and  coking  test  190. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  441 
was  taken  2,000  feet  southwest  of  the  shaft,  where  the  coal  measurt^ 
7  feet  3  inches  in  thickness.  Sample  4414  was  taken  1,000  feet  nort 
of  the  shaft,  where  the  coal  measured  6  feet  11  inches  in  thickness. 


TESTS — ILLINOIS. 
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CHEMICAL  ANALYSBflk 
Illinois  No.  34. 


Mine  samples. 


Car  samples. 

A.       I       B. 


I  Steam- 


Laboratory  No 

AJr-drying  loss 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon . . . 

Aah 

Sutpbur 

Vltimate: 

H]rdrogen 

Carbon 

Nitrogen. 

Ox  ^ 


4413  ! 
4.20  I. 


4414 


7.55  1 

7.51 

33.85 

32.81 

51.45 

52.20 

7.15 

7.48 

1.56  , 

1.58 

4636 

6.60 

9.33 

30.92 

47.86 

11.89 

2.76 

tS^". 


5.12 
62.85 

1.29 
16.09 


4622 

5.80 

7.81 

6.56 

33.^ 

34.15 

50.27 

51.57 

8.38 

7.72 

2.36 

2.17 

5.31 
67.40 

1.44 
15.11 


Sulphur 

Ctloriflc  value  determined  (as  received)  .{b**?'^u^' 


7,048 
12.686  I 


6,429  I 
1!,572 


.1 


6,899 
12,418 


4.87 
74.00 
1.58 
8.98 
8.26 
2.31 


«  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  tuel  figured  from  car  sample. 

STEAIONO  TEST.  . 

IllinoiH  No.  34  H  (run  of  mine). 


^asused: 

OvtB"  1  inch per  cent. . 

I  inch  to  linch do 
indi  to  i  inch do 
Dderiinch do.... 

Average  diameter inches. . 

gorttion  of  test hours. . 

Hesting  value  of  coal B.  t.  u.  p«T  pound  dry  coal. . 

Force  of  draft: 

Under  stack  damper inch  wa.cr. . 

Above  fire do 

^rycoal  used  per  square  foot  of  grato  surfac<'  jxt  hour pounds. . 

Equivalent  water  evapora.ed  per  square  foot  of  waior-ht-aling  surfAcc  p<^r  hour do 

J«t»ntage  of  rated  horsepower  of  boilor  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . 

water  evaporated  from  and  at  212*  F.: 

Per  pound  of  coal  as  fired do 

Per  pound  of  dry  coal do 

Per  pound  of  combustible df> 

Efficiency  of  boiler,  including  pra  «■ per  con. . . 

koalas  ffnxi: 

Per  indicated  horsepower  hour pounds. . 

Per  el«x?trical  horsepower  hour do 

^coal: 

Per  indica-ed  horsepower  hour do 

iVr  elec. rlcal  horsepower  hour do 


Test  509. 


44.3 
22.8 
13.4 
19.5 
1.23 
9.00 
13.1)21 

0.83 

.22 

21.50 

3.79 

l(Mi.2 
O.SO 

8.24 
8.82 
9.79 
()2.  .'>3 

3.43 
4.24 

3.21 
3.  '.Mi 


I>»iration  of  test hours. . 

»iJ»  89  used . .  through  acrtH'U . . 
JigadjiKHtnwnt: 

Maite  or  number 

Sp»vd p.  ra.. 

Slrolce inches. . 


WASHING 

TESTS. 

» 

lllinoi.s 

\o.  :u. 

Tost  \9t) 

Test  1U7 

— 

Test  196 

Test  11J7 

(A). 

(H). 

Kawroiil... 

.      (A). 

(B). 

■*i 

tons. 

24.  (M 

14 

1  incli. 

I  inch. 

Wiisb.'.looal 

|...do... 
\{K'rc<'n  . 

80 

11.8 
85 

Six'cijil. 

SjM-iMiil. 

IMiis.- 

(tons  .... 

5. 10 

2.19 

70 

70 

{pt'T  cen  . 

'20 

15 
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Analyses. 


Sample  tested. 


Raw  coal,  car  sample . 
Washed  coal,  test  196. 
Refuse. 


Raw  coal,  car  sample . 
Washed  coal,  test  197. 
Refuse . . . : 


Lab.  No. 


Mois- 
ture. 


4636 
4709 


4622 


9.33 
8.68 
9.29 
7.81 
10.12 
1&35 


Ash. 


Percent. 

Per  cent 
reduc- 
tion. 

Percent. 

11.89 

2.76 

77.44 
58.43 

37 

2.19 
11.91 

8.38 

2.36 

6.52 
61.00 

2i 

1.76 
1&90 

Sulphur. 


Peroen'i 
reduc- 
i     lion. 


2W- 


Float  and  sink  tests. 


No 

of  test. 

Site 

used 

(inch). 

On  raw 
A  I 

On  refi 

'  coal  (preliminary) : 

, 

1 
1 
1 
1 

ise  (Ooat)  : 

ri 

2:::::: ::.:.:.. 

Aa 

3 

4 

1 

Bft 

'2      ........ .. 

3        .    -     .._    . 

Spe- 
cific 
grav- 
ity of 
solu- 
tion 
used. 


1.36  ' 
1.41  I 

1.45  I 
1.51 
1.35 
1.41 

1.46  I 
1.51 

I 
1.35  , 
1.41 
1.45 
1.51  I 
1.35 
1.4()  ! 
1.45 


Percentage 
of  float- 


To  ref- 
use. 


!  Toto- 
I     tal 
jsample. 


12. 10  . 

13.59  I 

14.21 

16.78  \ 

50 

52 

55 


90 
92 
87 
90 
92 
92 

2.52 
2.82 
2.95 
3.43 
7.80 
8.14 
8.  GO 


Sinlc 
(per 
cent). 


Analyses. 


Ash. 


Sulphur. 


Per 
cent. 


Per 
cent 
reduc- 
tion. 


Per 
Per        cent 
cent.  '  reduc- 
I   tion. 


6.07 

49  1 

1.90 

31 

6.12 

48  1 

1.83 

34 

7.06 

41  ' 

2.18 

21 

7.10 

401 

1.97 

29 

&91 

29 

1.71 

28 

6.15 

27 

1.64 

31 

6.20 

26 

1.68 

29 

7.23 

14 

2.17 

8 

6.95 

1 

2.05 

7.78 

2.33 

9.58 

2.45 
3.05 

11.20 

6.27 



2.3fi 

5.99 

1 

2.50 

7.40 



2.79 

a  Ix).ss  of  good  coal,  2.52 por  cent. 

t>  Figuroa  indicatt^  that  nncr  crushing  is  advantageous.  Loss  of  'good  coal"  in  tlie  refu.se  will  not 
excei'd  1.75  percent.  By  "good  coal"  is  meant  all  coal  of  a  quality  equal  to  or  better  than  that  of  the 
washed  coal. 

C0KIK6  TEST. 

Illinois  No.  34  B  (run  of  mine). 

Test  290. — Size  as  used,  wai^hed,  finely  crusihed.  Duration  of  test,  51  hours.  Coal 
charged,  12,980  ix)unds.  Coke  produced,  H,523  pounds;  50.25  per  cent.  Breeze 
produced,  3IG  pounds;  2.43  per  cent.  Total  yield,  52.08  per  cent.  Coke,  light 
gray  and  silvery.  Yield  low  on  account  of  burning  to  oy)tain  heat;  could  be  (nj^ily 
increased  on  l)etter  acquaintance.     G(K)d  coke,  but  sulphur  a  little  high. 

Aymlyses. 


Moisture 

Volatile  matt^T. 

Fixed  carbon 

Ash 

Sulpiiur 


Coal. 


Coke. 


9.91 

0.19 

33.33 

.35 

50.65 

87.91 

6.11 

11.55 

1.75 

1.48 

TESTS INDIANA.  125 

INDIANA. 

rNDIANA  NO.  l.o 

A  sample  of  bituminous  screenings  (through  1-inch  screen)  from 
Mildred,  Sullivan  Coimty,  on  the  Evansville  and  Terre  Haute  Rail- 
road, was  designated  Indiana  No.  1  B.  Thi3  sample  was  used  in 
briquetting  test  217*t. 

CHEKICAL  ANALYSES. 
Indiana  No.  I  B. 


Briquetting 
i  test  217*t.<» 


BriqiietUng 
I  test  217^.a 


Proxinuite: 

Moisture 

Volatile  matter. 
Fixed  carbon — 

Aah 

Sulphur 


8.29 
30.55 
47.01 
14.15 

2.38 


Ultimate: 
Uydrogen. 

Carbon 

Nitrogen. . 

Sulphur. . . 


4.43 
68.76 

1.19 

7.5© 
1&43 

2.60 


a  Proximate  analysis  of  fuel  as  received;  ultimate  analysis  on  dry  basis. 

BBiaUETTING    TEST. 

Indiana  No.  1  B  (screenings). 

Test  f /7*t. — Size  as  used :  Over  J-i'^cli,  5.0  per  cent ;  ^<pinch  to  J-inch,  12.4  per  cent; 
iV"ich  to  T^i^^^y  22.4  per  cent;  ^-inch  to  o'o-inch,  23.4  per  cent;  through  :^inch, . 
3<).8  per  cent.  Briquets  with  8.5  per  cent  binder  on  Renfrew  machine  satisfactory 
▼hen  fuel  was  very  dry;  excess  of  moisture^  made  a  briquet  that  was  soft  when  warm 
and  crumbled  easily  when  cold.  Briquets  had  a  porous,  dull  surface;  rough  fracture 
with  ragged  edges,  but  tough  and  Imrd,  producin<?  a  small  amount  of  slack  in  handling; 
showed  no  evidence  of  sticking  together  wlien  piled  warm. 


Details  of  manufacture: 

Machine  used 

Temi>erature  of  briquets "  F . 

Binder- 
Kind 

Laboratory  No.  (see  p.  40) 

Amount per  cent . 


Weight  of- 
Fu 


Fuel  briquetted 

Briquets,  average 

Heat  value  per  pound- 
Fuel  as  received 

FuelasAred 

Binder 


,I)or  cent. 

..B.  t.u. 

do... 

do... 


Uenf. 
141 

^'.  R.  p. 
4<iKJ 
H..J 

88,  (XX) 
0.  48."> 

9,8(Mi 
11.444 
10.  (i37 


Drop  test  (1-lnch  screen): 

Held per  cent . 

I'aased do. . . 

Tumbler  test  (1-inch  screen) : 

^      Held do... 

I'ussed  (fines) do... 

Fines  through  l(>-mcsh  sieve.,  .do. . . 
Water  absorption: 

In  22  (lays do... 

Average' for  first  5  days do. . . 

Spoclflc  gravity  (apparent) 


«4.5 
45.5 

86.5 
13.5 
95.0 

14-0 

1.92 

1.114 


J 


Extraction  analyses. 


Laboratory  No 

Air-dr>ing  loss per  cent 

Extracted  by  CSs: 

Air-dried • do 

As  received do 

Pitch  in  briquets,  as  received do       I 


v„«i       Briquets, 
*"*'•     tcst217»t. 


«  For  other  tests  of  fuel  from  this  mine,  niiide  during  1904,  s<»o  Bull.  T'.  S.  Oeol.  Sur>'ey  No.  261,  1905, 
pp.  38. 80, 94, 119, 123.  and  154;  und  I'rof.  Tapt^  U.  S.  Ool.  Sur>ey  No.  48,1906,  pp.  63,212,473,1068, 
1336, 1438.  and  1463. 
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INDIANA  NO.  6.a 


A  sampfe  of  bituminous  screenings  (through  l}-inch  bar  screen) 
from  Hymera,  Sullivan  County,  on  the  Evansville  and  Terre  Haute 
Railroad j  was  designated  Indiana  No.  5  B,  and  was  used  in  briquet- 
ting  tests  229*  and  230*t. 


CHEKICAL  ANALYSES. 

Indiana  No.  5  B. 


I  Briquetting  tests.' 
!     229*.     I     230n. 


I 


Proximate: 

Moisture 

Volatile  matter. 
Fixed  carbon. . . 

Ash 

Sulphur 


7.27 
37.73 
44.37 
10  63 

4  29 


6.34 
37.53 
44.74 

11.39 
4.70 


Ultimate: 
Hydrogen. 

Carbon 

Nitrogen. . 

Sulphur. . . 


Brlquetting  tests.' 

229*.          230n. 

4.49 
68.47 

1.13 

9.80 
11.49 

4.62 

4.62 
68.06 

1.10 

8.96 
12.18 

&06 

a  Proximate  analysis  of  fuel  as  received;  ultimate  analysis  on  dry  basis. 

BBiaUETTING  TESTS. 

Indiana  No.  5  B  (screenings). 

Tests  229* and  2S0*]. — Size  as  U8e<l:  Over  \  inch,  1  percent;  -^  inch  to }  inch,  5.6 
per  cent;  ^q  inch  to  xV  inch,  11.8  per  cent;  :^  inch  to  aV  inch,  20.4  per  cent;  through 
:j\y  inch,  61.2  per  cent.  The  briquets  were  identical  in  character  with  those  made 
from  Indiana  No.  1  B  (p.  125)  and  Indiana  No.  6  B  (p.  127). 


Tost 

23SS*. 

Details  of  manufacture: 

Machine  used 

Eng. 

Teinperature  of  briquets, 

176 

Binder- 

Kind 

w.  g.  p. 

Laboratory  No,  (aec 

p.  40) 

4806 

Amount  ...percent.. 

7 

Weieht  of— 

Fuel  briquette d, 

pound.s 

24,000 

Briquets,  average. 

pounds 

3.  m 

Heat  vttluo  p«'r  pound — 

Fuel  as   received, 

H.  t.  u 

10,822 

Fuel  as  fired.  B.  t.  u.. 

11,945 

Test 
230*t. 


Renf. 

140 

w.  g.  p. 

4806 
9 

30.000 
0.424 


10,822 
12.040 


Test 
229*. 


Details  of  manufacture — Con. 

Hciit  value  per  pound—  ' 

Con.  i 

Binder B.  t.u.. 

Drop  test  (1-inch  screen): 

Held percent.. 

Passed do 

Tumbler  test  (1-inch screen): 

Held per  cent. . 

Passed  (fines) do 

Fines   through   10-mesh 

sieve per  cent. . 

Water  absorption: 

In  13  days do 

In  "23  days do 

Average  for  first  5  days, 

nercent 

Specific  gravity  (apparent).. 


16,864 

81.6 
1&4 

79.3 
20.7 

72.5' 

7.4 1 


1.20 
1.078 


Test 
230n. 


16,864 

50.0 
50.0 

81.5 
1&5 


13.8 


1.86 
1.097 


Ej  trad  ion  armhfscs. 


Briqu(>ts. 


Pitch. 


Laboratory  No 

Air-drying  loss p«T  cent 

Extracted  by  CSi: 

Air-<lried do 

As  received do. . 

Pitch  in  briquets,  as  reo'ived do 

o  For  other  tests  of  coal  from  this  mine,  made  during  1905.  sec  Bull.  U.  S.  Ocol.  Survey  No.  290, 1906, 
pp.  103-102. 


TESTS — INDIANA. 
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INDULNA  NO.   e.o 

Bituminous  screenings  (through  1  J-inch  bar  screen)  from  vein  No. 
4  at  Hymera,  Sullivan  County,  on  the  Evansville  and  Terre  Haute 
Railroad,  were  designated  Indiana  No.  6  B,  shipped  uninspected, 
and  used  in  briquetting  tests  220*  and  227f . 

CHEMICAL  ANALYSES. 
Indiana  No.  6  B. 


Briquetting  teatB.a 

Briquetting  tests.a 

220*. 

227t. 

220*. 

227t. 

ProxtaiAte: 

If oistoro        

5.84 
38.08 
44.22 
11.86 

4.49 

5.72 
37.83 
43.16 
13.29 

4.87 

Ultimate: 

Hydrogen 

5.04 
70.61 
1.14 
5.85 
12.59 

4.76 

VoUtile  matter 

Carbon 

66.48 

Fixed  carbon. 

Nitrogen 

1.07 

Ash                      

Oxysen 

8.42 

Sulphur 

Af™...::::::::::::::::: 

Sulphur 

1 

14  10 

&17 

a  Proximate  analysis  of  fuel  as  received;  ultimate  analysis  on  dry  basis. 

BBIQUETTING  TESTS. 

Indiana  No.  6  B  (screenings). 

Tests  220*,  ff7f. — Size  as  used:  Over  ^-inch,  1.2  per  cent;  iVi'^ch  to  ^inch,  5.6 
percent;  ^  inch  to  ^  inch,  10.2  per  cent;  ^ff  inch  to  ^V  inch,  20.4  per  cent; 
through  ^  incli,  62.6  per  cent.  Renfrow  briquets  were  similar  to  those  made  from 
Indiana  1  B  coal.  Seven  per  cent  binder  gave  satisfactory  English  briquets  when 
coal  was  thoroughly  dried;  otherwise  briquets  were  soft  and  easily  broken  when  cold. 
Briquets  were  soft  and  spongy  when  warm,  although  cohesive  enough  to  be  handled 
without  breaking.  When  cold  they  became  tough  with  porous  surfaces,  rough  frac- 
tures, and  ragged  edges. 


Test 
220*. 


I>etAil8  of  manufacture: 
Machine  used 

Renf. 

140  ' 

w.g.p.  ' 

480f> 
8.5 

64,000 

0.484  1 

t 
10,987 
12, 132 

Kng. 

Temperature  of  briquets. 

Hinder— 

Kind 

w.  g.  p.  1 
4S(Ki  1 

8,000 

Laboratory  No.  (see 
p.  40) 

Amount . . . per  cent. . 
Weight  of- 

Fuel   briquetted, 
pounds  

Briquets,  average, 
I>ounds 

3.84 

Heat  value  per  pound- 
Fuel  as  received, 

B.  t.  u 

Fuei  as  fired. B.t.u.. 

10.987 
11,839 

Test 
227t. 


Det4iil8  of  manufacturn— Ton. 
IIcHt  value  per  pound 
Con. 

Binder B.  t.u. . 

Drop  test  (1-inch  screen) : 

Ileld per  ct»nt.. 

Passed per  cent  . 

Tumbler  test  ( 1-inch  screen) : 

Held percent.. 

Passed  (fines) do 

Fines    tliroiigh    10-mesh 

sieve per  cent. . 

Water  absorption : 

In  13  days do 

Average  for  first  5  days, 

per  cent 

Specific  gravity  (apparent). . 


Te«t 
220*- 


16,864  I 


Test 
227t. 


16,864 


58.5  1 
41.5 

83.7 
16.3 

84.0 
16.0 

81.2 
18.8 

90.0 

78.3 

12.5 

«'».  7 

2.04 
1.08:3 

1.06 
1.156 

«For  other  tests  of  coal  from  this  mine,  nuide  during  1905,  8<^*  Bull.  U.  S.  Oeol.  Surv»'y  No.  2<.K),  1906, 
pp.  102-105. 
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Extraction  analyses. 


Laboratory  No 

Air-drying  loss .per  cent. 

Extracted  by  CS,: 

Air-dried do. . . 

As  received do. . . 

Pitch  in  briquets,  as  received do. . . 


Pitch. 


4806 


FueL 


96.90  , 


4604 
7.00 


.82 
.76 


Briquets. 


Te8t220*.;Te8t2 


4835 
3.30 

8.38 
8.10 
7.64 


II^BIAKA  NO.    12. 

Bituminous  coal  from  Hartwell,  Pike  County,  on  the  Southe 
Railway,  was  designated  Indiana  No.  12.  The  coal,  as  worked  fix 
the  outcrop  at  this  place,  averages  4  feet  10  inches  in  thickness. 

This  sample,  shipped  under  the  supervision  of  W.  J.  Von  Born 
consisted  of  run-of-mine  coal,  and  was  used  in  making  steaming  tej 
299, 300,  and  310  (on  washed  coal) ;  producer-gas  test  99;  washing  U 
145;  coking  tests  108  (raw),  109  (washed),  and  110  (washed);  a 
cupola  test  121  (washed  coal). 

Two  mine  samples  were  taken  for  chemical  analysis.  Sam] 
2701  was  taken  1,200  feet  nothwest  of  the  opening,  where  the  c< 
measured  4  feet  9  inches  in  thickness.  Sample  2702  was  taken  9 
feet  northwest  of  the  opening,  where  the  coal  measured  5  feet 
thickness. 

CHEMICAL  ANALYSES. 

Indiana  No.  12. 


Mine  samples. 

Car  samples. 

Steaming  t^^sl 

a.  a 

299. 

300. 

310 

Laboratory  number 

2701 
8,20 

11.29 
38.35 
43.49 
0.87 
3.09 

2702 
8,50 

11.10 
37.11 
43.27 
8.52 
3.86 

2759 
6.40 

10.57 
35.03 
42.75 
11.65 
3.87 

5.40 
61.11 

1.17 
16.80 

2825 
11.00 

12.99 
34.27 
40.55 
12.19 
3.97 

Air-drying  loss 

Proximate: 

Moisture 

12.81 
33,48 
39.63 
14.08 
3.84 

4.54 

65.66 
1.26 
7.99 

16.15 
4.40 

12.41 
34.12 
39.61 
13.86 
4-21 

4.54 
65.61 

1.26 

7.96 
16.82 

4.81 

1 

Volatile  matter 

3 

Fixed  carbon 

4 

Ash     

Sulphur 

Ultimate: 

Hydrogen 

Carbon i 

-■ 

Nitrogen. 

Oxygen 

Ash                      . 

, 

Sulphur 

i 

Calorific  value  (as  received): 
Determined {if't'^' 

6.623 
11,921 

6.2.)9 
11,266 

6.161 
11,090 

1 

Calculated  from  1     j^ 

ultimate  anal-    1^1,1 



ysis ju.  u  u... 

1 

o  Proximate  analysis  of  fuel  as  flred;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 


TESTS— IK  DIANA* 

HTIAMINQ  TESTS. 

Indiaim  No.  12  (run  of  mine). 


neb........... — ,. ..._*..,......  ^peftant. 

jl  tocii.,,^... ..,.,,-..-..,.,. ............do,. . 

y  I  Inch,.,...,,... , .,,..„....4io... 

inch...... ,,...,...,....,.. do„- 

fteat ,,.»„.,,-.,_„*.., ,** .,.,... hour*. 

te ,,. 

mi  of  caej.,.^,. ...... «,,,.^,.,.B.  t>  a.  pfrpouDddrytximJ. 

itt: 

tAok  dAmper...*.. .......*«......,* 


Ire. 


.idcli  wfit^r. 


,do. 


fid  per  squill^  foot  «^f  ^rate  atufa^  per  boiir.. potrnda. . 

will  tor  «Tapoiated  per  «qua^  lool  of  vaier-Iieaiififf  mrfaoe 

, , , . , , .  poimdft. . 

of  f*ied  horsepower  of  boiler  dev«Jowd, , . ,- 

■  '  of  cool  HA  tLi«d poiixida.. 


iientl^  C'VapoiBtcd  per  poi 
oT^UHi  frvm  lind  At  213^  f 

nd  oFc^o&l  iu  Aied.,,.,^ ^.... — ............ do^.. 

iid  ot  dry  Po*l- -'"'"---- ,,,,**,.^.,.,„.,^..__,..do... 

jiul  (ft  M^fnbiiiitiblo .. ^. .  p  ..^ ......_  ^ - do, . . 

f  bolter,  iru'ludlfig  gmtc.. .,..,.,..„.„......  per  rent. 

eat^  horwpo wtir  hour. . . „ *^, » . . , , -.poiioda. . 

IrteaJ  honsepowPT  hour^ ......,.., , *,_.,,. .  *do»  * ,. 

catvd htfrwpowoT  hoar. ...^... ^...,....*..*.^.do.«. 

tricaJ  horsepower  hour............ — — ....do.... 


TbSt2W. 


27,6 
2t« 
18.3 
32.1 
10.08 
Eocking. 
13,116 

0.^ 

2,3^ 
33.99 

mi 
V.7S 

3,51 
434 


T,wtm''r««i»* 


1 
1 


343! 

liwO  ; 

10. 05  I 

LZ«130 

fk64| 

.19 
'J,  397 
2a  13 

3. 71  I 

iaa,o 

7,30 
fL22 
10.  U3 

3.fl3 

3.14 
43& 


3&« 
34S 

23.e 
aavT 

@.4a 


13,^ 

0.  _ 

.11 

2,72aP 
3,  ._ 

a. 

aos 
ia% 

05,  # 

a.  a 

4M^ 

1,  Of 


PEOBVCEE-GAS  TEST. 

Indiana  No.  12  (run  of  mine). 

— Size  as  used:  Ov^t  1  inch,  47  per  cent;  i  inch  lo  V  iuch,  23  per  cent; 
)  inch^  12  per  cent;  under  {  inch.  IS  per  cent.  Duration  of  test,  50  hours; 
lectrical  hortiepower;  104.4;  average  B.  t.  u.  per  cubic  foot  of  gafi^  149,4; 
fired,  17,200  pounds. 


Coal  as 
fired. 


Dry 
coal. 


Gom- 
bostibte. 


I  consumed  in  producer  per  horaepower  hour  (pounds). 

%i  horsepower: 

rdally  avaUable 

•ed  at  switch  board 

orsepower: 

ndally  available *. 

led  at  engine 

Equivalent  used  by  producer  plant  {pounds) . 

il  horsepower: 

rdallr  available 

led  at  switch  board 

orsepower: 

rcialfy  available 

led  at  engine 


Analyses. 


1.86 
1.77 


1.58 
1.50 


1.97 
1.87 


1.67 
1.50 


1.66 
1.50 


1.41 
1.35 


1.76 
1.68 


1.50 
1.43 


Coal. 


tter.l 

...  10.42 
...  36.29 

iii...,, 

40  7Ft 

12.54 

3.96 

W— BuU.  No.  332—08- 

—9 

Qas  by  volume. 


1.43 
1.36 


1.23 
1.16 


1.53 
1.44 


1.29 
1.23 


Carbon  dioxide  (COj) 9.0 

Carbon  monoxide  (CO) 19. 0 

Hydrogen  (Hj) 13. 0 

Methane  (CH«) 2.0 

Nitrogen  (Ni) 56.0 

Eithyleiie(C«H4) 1-0 
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WASHIKO  AND  COKING  TESTS. 

Indiana  No.  12  (run  of  mine). 

Washing  test  145. — Size  as  used,  cnifihed  to  2-inch.    Jig  used,  Stewart. 
40,000  pounds;  washed  coal,  35,060  pounds;  refuse,  4,940  pounds. 

Coking  tests. 


Rawcoa 


Size  as  used 

Duration  of  teat houTB. . 

Coal  charged pounds. . 

Coke  produced fcrl^i- 

Breer.  produced {P^J^»£ 

Total  yield do.. 


Test  106 

Test  109 

T€«tlU 

(raw). 

(w.). 

(w.). 

f.c. 

f.c. 

r.  0.  m. 

37 

35 

U 

10,000 

10,000 

12,000 

5,258 
52.58 

5,304 

6.355 

53.04 

52.96 

464 

255 

296 

4.64 

2.55 

2.47 

57.22 

65.59 

55.43 

Remarks. — Test  108:  Light-gray  color;  some  little  silvery;  breakage,  good-sized 
pieces;  cell  structure  rather  lai^e;  high  ash  and  sulphur  Test  109:  Light  gray  and 
silvery;  better  than  coke  from  raw  coal;  breakage,  good-sized  pieces;  cell  struc- 
ture rather  large;  good  weight;  sulphur  not  much  reduced  by  washing.  Test  110: 
Light  gray  and  silvery;  practically  same  as  test  109;  breakage  little  better,  larger 
size;  cell  structure  not  quite  so  large;  good  weight  coke;  sulphur  not  materially 
reduced  by  washing. 

Analyses. 


Coking  test  108.  Coking  test  109. 

Coking  test  lie. 

Raw 
coal. 

Washed 
coal. 

Coal. 

11. 77 

40.00 
14.45 
4.32 

Coke. 

C<»I. 

Coke. 

Coal. 

12.82 

37.25 

41.52 

8,41 

3.a3 

Coke. 

Moisture 

10.57 
35.03 
42.75 
11.65 
3.87 

14.16 

0.88 
0.62 
75.95 
22.55 
3.84 

13.79 
35.  43 
42.75 
8.03 
3.22 

0.60 
1.15 
84.32 
13.93 
2.86 

0.43 

Volatile  matter 

l.OS 

Fixed  carbon . .                

843! 

Ash 

7.85 
3.29 

UU 

Sulphur. 

?« 

Cupola  tist  of  coke  made  from  Imliana  No.  IJ  coal  {washed). 
CHARGE. 


Cupola  ' 
test 

No.    I 


121 


Test 
No. 


Coke.o 

Specific'  Ratio 
grav-  iron 
ity.     to  coke. 


110 


1.87 


Fluid- 
ity 
Ntnp 
full. 


Per  rt. 
9(153 


MuteriHl. 


[Coke.... 
I*lg  iron. 
[Scrap 


Di\i.sions  of  charge. 

I 

4. 


3. 


Lbs. 
180 
540 
180 


Lbs. 
63 
428 
143 


Lbs. 

Lbs. 

Lbs. 

63 

62 

62 

428 

427 

427 

143 

142 

142 

TotAl 


& 

2.25( 

7a 


o  Sulphur  in  a.sh,  0.06  per  cent. 
RECORD  OF  MELT. 


Blast  pressure. 

Iron 
run- 
ning 
in— 

Weight  of  iron. 

Melting. 

Recovered- 

Cupola  1 
te«t 
No.    1      Onat- 

Maxi- 
mum. 

Poured. 

Addi- 
tional 
melted. 

Total. 

Time. 

\fin. 
25 

Rate 

per 

hour. 

Ratio 

iron 

to 

coke. 

Loss. 

Iron. 

Coke 

121     10.42  a.m... 

Mm. 

12 

Lbs.        Lbs. 
1,752  1        199 

Lbs. 
1,951 

Lf)s. 

4.(i82 

5.48 

Per  ct. 
6.57 

Lbs. 
852 

^, 

TESTS — INDIANA.  181 

Cupola  test  of  coke  TTnadefrom  Indiana  No.  12  coal  {washed) — Continued. 

LADLE  RECORD. 


Teat  121. 

Ladle  Na 

•  Test  121. 

Ladle  No. 

Pounds. 

Time 
(a,  m.). 

Pounds. 

Time 
(a.m.). 

80 

las? 

12 

76 
106 
100 
33 
102 
96 
49 
24 
27 

11.09 

77  1         ia58 
110  1         10.50 
60            11.02 
83            11. 02^ 
58            11.03 
106            11.05 
05            11.05i 
57            11.06 
90  1         n.08 
95            11. (VU 

13 

11. 10 

14 

ll.lOi 
11.11 

15 

16 

11  13 

17 

1L13} 
11.14 

18 

8 

19 

11.15 

9 

20 

11.16 

»... 

21 

Ql 

11  18 

11 

22 .        .  '>           I2fi 

11.19 

'1 

toiari».— Test  121:  Iron  dull. 

INDIANA  XO.  13. 

Bituminous  coal  from  bed  No.  6  at  Terre  Haute,  Vigo  County,  on 
the  Vandalia  line,  was  designated  Indiana  No.  13.  The  coal,  as 
worked  at  a  depth  of  65  feet  at  this  place,  averages  5  feet  3  inches  in 
thickness. 

One  sample,  shipped  under  the  supervision  of  J.  W.  Groves,  con- 
sisted of  run-of-mine  coal,  which  was  used  in  steaming  tests  432  and 
433  and  producer-gas  tests  132  and  138. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3467 
was  taken  3,000  feet  south  of  the  shaft,  where  the  coal  measured  4  feet 
10}  inches  in  thickness.  Sample  346S  wa^  taken  3,000  feet  southwest 
of  the  shaft,  where  the  coal  measured  5  feet  S  inches  in  thickness. 


CHEMICAL  ANALYSES. 

Indiiiiui  No.  1.1 


La!>orHtory  No 

.\jr-<lr)iiigloss 

Proximate?: 

M<»i8ture 

Volatilf  matt4>r. 

Fixed  carbon.. . 

Ash 

Sulphur 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 


Mint"  &imph\s. 


;ii«;7 

S.IM)  ■ 

42.51   I 
7.  .'i^l 
2.  ir,  I 


8.30  I 

13.88  I 
X\  8*) 
41.. 54  I 

8.  m  1 

3.  20  I 


Ash. 


Car 
stimplf. 


3748 
5.«i0 

12.07 
37.  4.') 
39.  07 
12.00 
3.18  1 

50.>v4 

.82  I 
18.49  I 


Sulphur 

CaJorific  value detennined  (as  received) . 


(calorics. 
\B.  t.  u.. 


♦i,.3(iO 
11,418 


O.aV)  i 
10.890 


Steaming  tests.o 
432.       '       433. 


12.79 
;j.5.4.'i 
39.  07 
12.00 
3. 18 

4.77 

OS.  01 
.94 
8.17 

13.  m 
3.  as 


13.  r)8 
;«.  03 

40.  81 

11.  (i8 
2.92 

4.80 
00.  13 

8.22 
13.  52 
3.38 


«  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
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STEAMING  TESTS. 
Indiana  No.  13. 


Size  as  used: 

Over  1  inch per  cent. . 

}  inch  to  1  inch do 

I  inch  to  i  inch do 

Under  i  inch , do 

Average  diameter inches. . 

Duration  of  test hours. . 

Heating  value  of  ooal B.  t.  u.  per  pound  dry  coal. . 

Force  of  draft: 

Under  stack  damper Inch  water. . 

Above  fire do — 

Fumaoe  temperaturo °  F . . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour, 
pounds 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212*  F.: 

Per  pound  of  coal  as  fired do — 

Per  pound  of  dry  coal do — 

Per  pound  of  combustible do — 

Effldencv  of  boiler,  including. grate per  t«nt. .  | 

Coal  as  fiiTMl :  j 

Per  indicated  horsepower  hour pounds. .  I 

Per  electrical  horsepower  hour do — • 

Dry  coal:  1 

Per  indicated  horsepower  hour do i 

Per  electrical  horsepower  hour do. . .  ' 


Test  432.   Tes 


46.5 
21.1 
12.7 
19.7 
1.33  I 
10.06 
12,497 

0.69 

.13 

2,290 

19.90 

3.42  I 
95.8  , 
&45  I 

7.50  I 
8.00  I 
10.23 
66.46  ' 

3.77  I 
4.65  I 

3.29  I 
4.06 


I 


PBODUCEB-GAS  TESTS. 

Indiana  No.  13  (run  of  mine). 


Size  ii8  used: 

Over  1  inch per  cent. 

i  inch  to  1  iilch do 

\  inch  to  i  inch do 

lender  {  inch do 

Duration  oi  test hours. 

Average  electrical  horsepower 

Average  B.  t.  u.  per  cubic  foot  of  gas 

Total  coal  fired pounds. 


"     I 
Test  132.  j  Te? 


36 
24  I 
U)  ' 
24 
50 
160.0  I 
131.9  I 
15,300 


Test  132. 


Test  13a 


Coal  as  li^^,.  ^„...    CornlMis-    Coal  as    t^-„  ,w^oi  I  Coi 
fired,      l^rycottl.     ^.^^^^^         ^^.^^     | Dry  coal.     ^^ 


Coal  consumed  in  producer  per  florae- 
1)0  wer  hour  {pounds) . 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  ])rake  horsepower: 

Commercially  available 

Developed  at  engine 

Equivalent  used  by  producer  plant 
{pounds). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Coinmen'ially  available 

Developed  at  engine 


2.02 
1.91 


1.72 
1.63 


2.21  I 
2.09 


1.88  I 
1.77 


1.79 
1.69 


1.52  I 
1.44  , 


1.95  I 

1.85 ; 


1.66 
1.57  I 


1.52 
1.44 


1.30 
1.23 


1.66 
1.57 


1.41 
1.33 


1.55 
1.48  I 


1.32  ' 
1.26  I 


1.68 
1.61 


1.43 
1.39 


1.38 
1.32 


1.18 
1.13 


1.50 
1.44 


1.27 
1.22 


TESTS — INDIANA. 
Analyses. 
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Test  132. 

Test  138. 

Test  132. 

Test  138. 

Coal. 
Moisture. 

11.53 
34.80 
40.44 
13.23 
3.11 

10.70 
35.58 
42.85 
10.87 
3.06 

Q<u  by  volume. 

Carbon  dioxide  (CO>) 

Carbon  monoxide  (CO) 

Hydrogen  (Hj) 

12.5 

14.9 

12.8 

1.9 

57.5 

.0 

.4 

10  9 

Volatile  nuttter 

18.0 

Fixed  carbon 

15  2 

Aih 

Methane  (CH*) ... 

1  9 

Sulphur 

Nitroeen  (Nt) 

53  6 

Oxygen  (Ot) 

.0 

Ethylene  (Ca  HO 

4 

INDIANA  NO.  14. 

Bituminoiis  coal  from  bed  No.  3  at  Seelyville,  Vigo  County,  on  the 
Vandalia  line,  was  designated  Indiana  No.  14.  The  coal,  as  worked 
at  a  depth  of  90  feet  at  this  place,  averages  7  feet  5  inches  in  thickness. 

One  sample,  consisting  of  nm-of-mine  coal,  shipped  under  the 
supervision  of  F.  B.  Tough,  was  used  in  steaming  tests  430  and  431  and 
producer-gas  test  131. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
3491  was  taken  2,400  feet  northeast  of  the  shaft,  where  the  coal 
measured  7  feet  5J  inches  in  thickness.  Sample  3492  was  taken  900 
feet  southeast  of  the  shaft,  where  the  coal  measured  7  feet  6i  inches 
in  thickness. 

CHEMICAL  ANALYSES. 

Indiaiui  No.   14. 


Miiu'  sjtiiiplos. 


Laboratory  No 

Air-drying  loss 

l^roximate: 

MoiHture 

Volatile  matter. 

Fixpfl  carlKtn. . . 

Ash 

Sulphur 

ntimale: 

Hydrogen 

r'arhon 

Nitrogen 

Oxygen 


3491  , 

8.70  I 

13.  «i2 
38.21 
41.  Oi 
7.  11 
3.2K 


3492 
7.00 

11.  4<) 
37.  4,'i 
40.39 
10.  70 
5.  4'i 


A.'ih . 


Siilphur 

rdJorific  value  'letermined  (as  received) 


Car 
sample. 


3775 
3.70 

7.88 
3('..  85 
41.07 
14. -20 

5. 14 

5. 22 

.•V9.75  ' 

.  93 

14.  7r) 


Steaming  tests.t 


430. 


431. 


8.  52 

9.39 

:i.5.99 

:« 

r>H 

41.  10 

3(i. 

89 

14.39 

20 

14 

5.  (i2 

5. 

47 

Iculor 
■\n.i. 


tl,413 


0, 192 
11,140 


4.  «i(i 
f>4.  15 

1.00 

8.  32 
15.  73 

(i.  14  I 


4.28 

.')8.  90 

.92 

7.  <i3 
22.  -23 

r..  04 


a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample 
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BBPOBT  U.  S.   FUEL-TESTING  PLANT,  190S-7. 

STEAMING  TESTS. 

Indiana  No.  14  (run  of  mine). 


Test 


Size  as  used: 

Over  1  inch per  cent. . 

I  inch  to  1  inch do 
inch  to  J  inch do 
nder  J  inch do 

Average  diameter inches. . 

Duration  of  test 

Heating  value  of  coal B.  t.  ii.  per  pound  dry  coal. . 

Force  of  draft: 

Under  staclc  damper inch  water. . 

Above  Are do 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour .pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per 

hour pounds. . 

Percentage  of  rated  horsepower  of  l)oiler  developed 

Water  apparently  eveporated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212^  F. : 

Per  pound  of  coal  as  fired do — 

Per  pound  of  dry  coal ^ .  do — 

Per  pound  of  combustible do 

EfBciencv  of  l>oiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


PBODUCEB-GAS  TEST. 

Indiana  No.   14  (run  of  mine). 

Test  ISl . — Size  as  used,  over  1  inch,  50  per  cent;  J  inch  to  1  inch,  26  per  cent;  }  i: 
to  \  inch,  12  per  cent;  under  \  inch,  12  per  cent.  Duration  of  teat,  50  hours.  .\ver 
electrical  horsepower,  189.8.  Average  B.  t.  u.  per  cubic  ft)ot  of  gas,  154.1.  T 
coal  fired,  16,200  pounds. 


Coal  consumrd  in  producer  per  horsepouer  hour  (poumLs) 

Per  electrical  horsepower: 

Conirnercially  available 

DeveloiM'd  at  switchboard 

Per  bralce  noracpower: 

Coniinerr'ially  available 

I  )e veloiM«(l  at  engino 

EquivaUnt  used  lyy  producer  plant  (pound s^. 

P««r  olootrical  horsepower: 

Coinmercially  available 

Develojwd  at  swiU'hl)oard 

Per  brake  horsepower: 

Commercially  available 

D<' velop<'d  at  engine 


Coal  as 
fired. 

Dry      1    Coi 
coal.     1  bust 

L80 
I.  71 

LGfi 
1.57 

1.53 
1.45 

1.41 

1.91 
1.81 

1.70 
l.fi7 

1.62 
1.54 

1.49 
1.42 

Analyses. 


Coal 


Moisture 7. 88 

Volatile  matter 3<i.  85 

Fixed  carbon 41. 07 

Ash 14.  20 

Sulphur 5. 14 


Oas  by  volume. 


Carbon  dioxide  (CO,)... 
Carbon  monoxide  (CO) . 

Hydrogen  (Hj) 

Methane  (C1I<) 

Nitrogen  (N'j) 

Ethyfene  (CjUi) 


TESTS — INDIANA. 


ISS 


INDIANA  NO.  16. 

Bituminous  coal  from  bed  No.  4  at  Linton,  Greene  County,  on 
/he  Southern  Indiana  Railroad,  was  designated  Indiana  No.  15. 
rhe  coal,  as  worked  at  a  depth  of  90  feet  at  this  place,  averages  4 
Eeet  4  inches  in  thickness. 

One  sample,  shipped  under  the  supervision  of  F.  B.  Tough,  con- 
risted  of  run-of-mine  coal,  and  was  used  in  steaming  tests  428  and 
429  and  producer-gas  tests  134  and  137. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
3473  was  taken  2,000  feet  southeast  of  the  shaft,  where  the  coal 
measured  4  feet  7  inches  in  thickness.  Sample  3474  was  taken  1 ,900 
feet  northeast  of  the  shaft,  where  the  coal  measured  4  feet  1  inch  in 
thickness. 

CHEMICAL  ANALYSES. 
Indiana  No.  15. 


Ubontory  No 
Ai^<i^ylng  loss 
Proximate: 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 


HtimaL: 


Sulphur 
Calorific  value  determined  (as  rweived » .  .<  j? 

«  Proximate  analysis  of  fuel  as  fired:  ultiniato  analysis  of  dry  fuol  figured  from  car  samples. 

STEAMING  TESTS. 

Indiana  No.  15  (run  of  mine). 


Sittasused: 

Over  1  inch ppr  ront. . 

i  inch  to  1  inch do 

{inch  to  i  inch do 

Under  J-inch do 

Averagi*  diameter inches. . 

Duration  of  test hours.. 

Heating  value  of  coal H.  t .  ii.  jxt  pound  dry  coal. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Ijry  coal  used  per  square  foot  of  grate  surface  p»«r  hour pounds. . 

Equivalent   water  evapomted   per  square  foot   of  wuter-iieating  surfaw   jx-r 
nour pounds. . 

I'prrvntage  of  rated  hor8t»i)Ower  of  boiler  di'VclorH'd 

^'ater  apparently  evaporated  per  pound  of  coal  as  fln'd pounds. . 

Hater  evaporatt'd  from  and  at  212*  F.: 

Per  pound  of  coal  as  fln'd do 

ppr  pound  of  dry  coal do 

ppr  poimd  of  combustible do  — 

R/Bcirnc\'  of  l>oiler.  including  grate per  cent . . 

Coalasffmd: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do  — 

Dry  coal: 

Per  indicated  horsepower  hour do  — 

Per  electrical  horsepower  hour do  — 


Test  428. 


44.fi 
21.2 
12.1 
22.1 
1.03 
9.7 
13,099 

0.  7ti 

.14 

20.12 

3.41 
9.').  fi 


Test  429. 


33.9 
19.5 
13.  4 
33.  2 
.85 
10. 05 
13,207 

0.73 

.13 

18.27 

3.13 

87.9 
fi.43 


7.:i9 

8.50 
9.71 
fi2.6G 

7.49 

8.59 

9.73 

(12.  81 

3.83 
4.  72 

3.78 
4.66 

3.33 
4.U 

3.29 
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PBODUCS&-eAS  TS8T8. 

Indiana  No.  15  (run  of  mine). 


Size  as  lued: 

Over  1  inch. per  cent . . 

iinch  to  1  inch do ' 
Inch  to  iinch j.do... 
Jndcr  J  inch do. . , 

Duration  oi  test hoan. 

Average  electrical  horsepower , 

Average  B.  t.  u.  per  cubic  foot  of  gas 

Total  coal  flred pounds, 


Ted 


Coal  consumed  in  producer  per  horsepower 
hour  (pounds). 

Per  electrical  horsepower: 

CommerciaUy  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 

Equiraient  used  by  producer  plantipounds ) . 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


Test  134. 


Test  137. 


^^o*'*"    nrv  n#>«i  Combus-!  Coal  as 
fired.    ^'JTCW"-     tible/        fired. 


1.63 
1.55  I 


1.38 
1.31 


1.75 


.48 
.41  I 


1.44 
1.37 


1.23 
1.16 


1.55 
1.47 


1.32 
1.25 


1.30 
1.24 


1.11 
1.05  I 


1.30 
1.32 


1.16 
1.12 


1.63 
1.45 


1.30 
1.23 


1.65 
1.56 


1.40 
1.33 


Dry  coal. 


1.35 
1.29 


1.15 
1.09 


1.46 
1.38 


1.24 
1.18 


Com 
tib 


Analyses. 


CfMll. 

Moistun" 

Volntilo  inattiT 

Fixofl  carbon 

Ash 

Sulphur 


Tests  134  1 1 
and  137.   , 


11.42 
34.11 

45.82 
8.  ftf) 
1.03 


'  Test  134. 1  Test 


Oas  by  velum f.  I 

Carl>on  dioxide  (COs) I  11.2 

Carbon  monoxide  (CO ) 17. 2 

Hydrogen  (IIj^ 1&2 

Methane  (CH«) I  2.2 

Nitrogen  (Xj) 53. 8 

Ethylene  (CjU^) :  .4 


INDIAXA   XO.   16. 

Bituminous  coal  from  bed  No.  5,  at  Linton,  Greene  County,  on 
Vandalia  line,  was  designated  Indiana  No.  16.     The  coal,  as  worl 
at  a  depth  of  95  feet  at  this  place,  averages  7  feet  2  inches  in  thickn< 

One  sample,  shipped  under  the  supervision  of  J.  W.  Groves,  c 
sisted  of  run-of-mine  coal,  which  was  used  in  steaming  tests  426  i 
427  and  producer-gas  test  130. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3- 
was  taken  650  feet  west  of  the  shaft,  where  the  coal  measured  7  f 
4  inches  in  thickness.  Sample  3476  was  taken  500  feet  southeast 
the  shaft,  where  the  coal  measured  7  feet  in  thickness. 


TESTS INDI  ANA. 
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CHEMICAL  ANALYSES. 

Indiana  No.  16. 


Mine  samples. 

Car 
sample. 

Steaming  te8t8.a 
426.      1      427. 

Lftbor&tory  No 

3475 
6.00 

10.91 
37.86 
42.02 
9.21 
3.16 

3476 
8.60 

11.51 
36.78 
40.49 
11.22 
4.17 

3564 
5.90 

10.30 
36.31 
41.64 
11.75 
4.23 

5.38 
61.00 

1.06 
16.58 

kir-t\rjing  \ntt» .    ,    , 

Proximate: 

Moisture 

9.09 
35.20 
43.21 
12.50 

4.77 

4.66 
67.02 

1.17 

8.15 
13.75 

5.25 

10.09 

VolfttllA  TnMtAr 

33.62 

Fixed  carbon 

43.51 

Aah 

12.78 

Sulphur 

4.34 

Ultimate: 

Hydrogen 

4.66 

Carbon'. 

66.09 

Nitrogen 

1.17 

8.14 

a2^::::::::::::::::::::::::::::::::::::::::: 

14.21 

Sulphur -  -  -  - 

4.83 

/calories. . 

6,232 
11,218 

XB.  t.  u... 

^'.^..^f' '''' 

aProxtmate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

STEAUNO  TESTS. 

Indiana  No.  16  (run  of  mine). 


I 


size  as  used: 

Over  1  inch per  cent. 

J  Inch  to  1  inch , do. . . 

}  Inch  t o  i  inch do . . . 

under  J  inch do. . . 

Average  diameter inch. 

Juration  of  test hours . 

Hating  value  of  coal B.  t.  u.  per  pound  dry  coal. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do. . . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour, 

pounds 

Percentage  of  rated  horsepower  of  boiler  developed 

^'ater  apparently  evaporated  per  pound  of  coiil  as  fired pounds. 

^ater  evaporated  from  and  at  212*  F. : 

Per  pound  of  coal  as  fired do. . . 

Per  pound  of  dry  coal do. .. 

Per  pound  of  combustible do. . . 

EfBciencv  of  boiler,  including  gjatc per  cent. 

Coal  as  fired : 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dn-  coal : 

Per  indicaterl  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


Test  426.   Test  427. 


38.0 
21.8 
14.0 
26.2 
0.86 
10.03 
12,350 


27.1 
25.3 
17.0 
30.6 
0.76 
9.0 
12,328 


0.69 

.13  i 
19.2<i  , 

0.67 

.15 

17.24 

3.18  1 
89.1     ' 
6.47 

2.80 
78.6 
6.30 

7.51  ' 
8.26 
9.83 
64.59 

7.32 

8.14 

9.72 

63.70 

3.77  i 
4.65  1 

3.86 
4.77 

3.42 
4.23 

3.47 
4.29 

PRODUCER-GAS  TEST. 

Indiana  No.  10  (run  of  mine). 

Tat  ISO. — Duration  of  test,  50  lioin^.     Average  electrical  horsepower,  177.4.     .Vver- 
ageB.  t.  u.  per  cubic  fcK)t  of  gai^,  130.7.     Total  (^oal  fired,  16,100  pounds. 


fired. 


Dry  coal 


Coal  conmrrud  in  producer  per  horsepourr  hour  {pounds). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switdiboard 

Per  brake  horsepower: 

Commercially  available 

Dereioped  at  engine 


1.92 
1.82 


l.ti3 
1.54 


Combus- 
tible. 


l.M 
1.46 


l.ni  . 


l.SV 
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PBODUCEB-GAS  TEST— Continued. 
Indiana  No.  16  (run  of  mine). 


Coal  as  Ijx  ,    Combos- 

fired,    i^rycoal.^     ^^^^^ 


1 

i 

2.06 
l.«5 

1 

1.90  1 
1.80' 

1.66 
1.57 

1.75 
1.66 

1.62 
1.53 

1.41 
1.33 

Equivalent  used  by  producer  plant  (pounds) . 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commerciallv  available 

Develoi>ed  at  engioe 

Analyses. 
Coal.  Qas  by  volume. 

Moisture 7.79     Carbon  dioxide  (COt) 11.4 

Volatile  matter 32. 32     Carbon  monoxide  (CO) li 8 

Fixed  carbon 44. 97      Hydrogen  (Hj) 13  3 

Ash 1 1. 92      Methane  (CH«) 1  7 

Sulphur 4.01      Nitrogen  (N,) 56.3 

,  Ethylene  (CjH^) .S 

INDIANA  NO.  17. 

Bituminous  coal  from  bod  No.  5  at  Bicknell,  Knox  County,  on 
the  Vandalia  line,  was  designated  Indiana  No.  17.  The  coal,  t^ 
worked  at  a  depth  of  190  feet  at  this  j)lace,  averages  5  feet  6  inches  in 
thickness. 

One  sample,  shipped  under  the  supervision  of  J.  W.  Groves,  con- 
sisted of  run-of-mine  coal  and  was  used  in  steaming  tests  441  and  442, 
coking  test  163,  and  cupola  test  148. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3516 
was  taken  500  feet  northeast  of  the  shaft,  where  the  coal  measured 
5  feet  2  inches  in  thickness.  Sample  3517  was  taken  250  feet  north- 
west of  the  shaft,  where  the  coal  im^iisured  5  feet  1 1  inches  in  thickness. 

CHEMICAL  ANALYSES. 

Indiiina  Xo.  17. 


Mino  suinpl..s.         j;^'J^.^, 


Steaming  tosts.a 
441.  442. 


Laboratorj*  Xo .V)Ui  :i')l7  :m\  ^ 

.  Air-drj'lng  loss «..  10  »..  «K)  T).  10   

Proximate:  ! 

Moisture K).  (H)  |        11.  S7  12. 08  '          a  70            12.  OS 

Volalilo  matter .iS.Oti          ;^i.23  32.48,        35.78            32. 4S 

Fixwj  carbon 43.04           43.84  44.42  1        45.<i3             44.42 

Ash I          S.30             8.(Xi  11.02             8.89             11.02 

Sulphur •         3.  dU            4.  ()'>  3.  («  l         3,  t)7              3.  tiS 

Ultimate: 

Hydrogen 5. 34           4. 70  I           4. 55 

Carb(m (iO.  45  ,       71. 05           <i8. 7.j 

Nitrogen .80           1.04             l.Ol 

Oxygen IS.Cv')           9.30             9.(io 

Ash !         9.85  :  12.54 

Sulphur 4. 00             4. 15 

foalories. .         (i.  529    (i,  117    


Calorific  value  determined  (as  received) .  -{b  t  li."  '      11.752   11.011 


a  Proximate  analysis  of  fuel  as  flnxl;  ultimate  analysis  of  ilry  fuel  figured  fn^m  car  sample 
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STEAJONO  TESTS. 

Indiana  No.  17  (run  of  mine). 


Test  441. 


Sizeasiued: 

Over  1  Inch per  cent. . 

4  Inch  to  1  Inch d(v  -  •  - 

j  inch  to  I  inch do 

Under  \  inch do 

Average  diameter inches. . 

Daiation  of  test hours. . 

Heating  value  of  coal B.  t.  u.  per  pound  dry  coal. . 

Force  of  draft: 

Under  stack  damper Inch  water. . 

Above  fire do 

Furnaoe  temperature •?. . 

Dry  coal  uaea  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  pier  hour, 
pounds 

raomtage  of  rated  horsepower  of  boiler  developtnl 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212  "F.: 

Per  pound  of  coal  as  fired pounds. . 

Per  pound  of  dry  coal do — 

Per  pound  of  combustible do 

Kffldencv  of  boiler,  including  grate per  cent. . 

Per  indicated  horsepower  hour pounds. . 

^  Per  electrical  horsepower  hour do 

Drycoal: 

Per  indicated  horsepower  hour do. 

Per  electrical  horsepower  hour do. 


j 


47.3 
26.9 
13.6 
12.2 
1.20 
9.88 
12,929 

0.75 

.13 

2,545 

19.61 

3.23 
90.7 
6.41 

7»46 
&26 
9.63 
61.70 

3.7> 
4.68 

3.42 
4.23 


Test  442. 


16.8 
22.7 
l&O 
42.5 
0.60 
10.13 
12,524 

0.74 

.15 

2,544 

17.98 

2.79 
78.2 
5.85 

6.83 
7.77 
9.35 
59.91 

4.14 
5.11 

3.64 
4.49 


COKINO  TEST. 

Indiana  No.  17  (nin  of  mine). 

Test  16S. — Size  as  used,  washed,  finely  eniphed.  Duration  of  test,  50  hourp.  Coal 
charged,  12,050  pounds.  Coke  pn)duce(l,  7,200  pounds;  59.75  per  cent.  Breeze  pn)- 
duced,  332  pounds;  2.76  per  cent.  Total  yield,  (12.51  pf^r  cent.  Dark -gray  color; 
poor,  dense  coke;  ash  and  sulphur  high. 

Ariuhjscs. 


Moisture. 


Coal.   I  Coke, 


.„ 10. 57  \A\rt 

>  olatile  matt^T .«.  a^  .  (i7 

Fix(tl  c-arbon 43.  77  HI.  42 

Ash 10. 01  HI.  2<i 

Suiphur .171.1  :i.m 


Cupola  test  of  cake  nnuh'  from  Indiana  A'o.  //"  coal  {washrth. 

cirvioiK. 


Coke. 

Cupola         

v^^        T*.«t      Specific    Ratio 


Fluid- 


ity. 


14H  ifv^  :      1.92 


im^^  *^^     Strip 


MatrriaN 


I  I'lK'  inui. 


Divisions  of  chHrgo. 


Lb.t.         Lbs.         Lbft.        Lb>\        Lbs. 
\*M)  IK)  (4)  (K)  m 

im         .">«:<)         :^m         .'.ro        '>«i<) 


Total. 


Lbs. 
4;«) 

3.  (MM) 
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Cupola  teM  of  coke  made  from  Indiana  No.  17  coal  (washed) — Continued. 


RECORD  OF  MELT. 


Cupola 
test 
No. 

Blast  pressure. 

Iron 
run- 
in— 

Weight  of  iron. 

Melting. 

Recovers 

Gnat- 
11.17  a.m... 

MaxI- 
mum. 

-Oz. 

7 

•Poured. 

Lbs. 
1,548 

Addi- 
tional 
melted. 

Lbs. 
274 

Total. 

1  Rate    Ratio 
Time,     per    iron  to 
1  hour.    coke. 

Loss. 

1 
Iron.  Col 

148 

Min. 

11 

Lbs. 
1,822 

Min.     Lbs. 

32     3,416       4.82 

Per  a. 
4.50 

Lbs.    Lb 
1.043  . 

1 

SILICON,  MANGANESE,  ETC. 


Cupola 
test 
No. 


Materials. 


148 


Amount 
used 


Pig  iron 

Melted  iron: 

Amount 

Gain  or  loss. . , ,  —17. 47 

ICoke 


silicon. 

Manganese. 

Sulphur. 

! 

Per 
cent. 

Pounds. 

Per 
cent. 

i  Conten 

1  ofcoki 

com- 

melted 
(per 
cent). 

1 

2.12        38.63 

1.75        31.88 
—17.47       -4i.75 

0.178 

.126 
-29.20 

3.243 

2.296 
—.947 

0.050 

.108 
+  .049 
3.39 

1.0750  \ 
1.9678  '          6. 

+.8<e8 

12.9837 

j 

1 

LADLE  RECORD. 


Ladle  No. 


,  Pounds. 


Time 
(a.m.). 


Ladle  No. 


Pounds. 


1 

24 

11.30  1 

11 

96 

2 

95 

11.34 

12 

80l 

3 

101 

11.34i 

13 

'             73 

4 

79 

11.39  1 

14 

9H 

5 

94 

ll.39i     15 

65  1 

6 

108; 

11.40      l(i....: 

(58 

7 

70, 

98  1 

11.41 
11.42 

ir 

85 

8 

18 

56, 

9 

78 

11.46    1  19 

108  1 

0 

68 

11.46i' 



: 

__ 

' 1 

Time 
(a.m.). 

11.4 
11.4 
11.4' 
11.5 
11.3 
11.5 
11.5 
11.5 
12.0 


Remarks. — Pi^  iron  u.'^ed  from  car  27633.     Teinperatiire  of  iron,  medium. 


IXI>IANA  XO.  18. 

Bituminous  coal  from  bed  No.  5  at  Ayrshire,  Pike  County,  on  th( 
Southern  Railway,  was  designated  Indiana  No.  18.  The  coal,  a 
worked  from  the  outcrop  at  this  place,  averages  4  feet  9  inches  ii 
thickness. 

Two  samples  were  sliipped  under  the  supervision  of  John  T\ 
Groves,  as  follows:  Indiana  No.  18  A  consisted  of  washed  slac 
screened  through  a  J-inch  wire-mesh  revolving  screen,  and  was  use 
in  coking  tests  158  and  168.  Indiana  No.  18  B  consisted  of  lum 
coal  over  a  1  j-inch  round  shaking  screen,  and  wa.s  used  in  steainin 
tests  435  and  436  and  producer-gas  tests  133  and  135. 

Two  mine  samples  were  taken  for  chemical  analysis.  Samp! 
3525  was   taken  3,400  feet   south  of   the  opening,  where   the  coj 
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measured  4  feet  9  inches  in  thickness.  Sample  3526  was  taken 
3,400  feet  southwest  of  the  opening,  where  the  coal  measured  4  feet 
10  inches  in  thickness. 

CHEMICAL  ANALYSES. 

Indiana  No.  18. 


Steaming  tests.a 
435.  436. 


Uboralory  No 

AiMiyingloss 

PiDxiinate: 

Moitture 

Volatile  matter. 

Fixed  carbon... 

Ash 

_  Bolphiir. 

Uttiiule: 

Hydrogen 

Carbon. 


liitrogen. 
Oggen.. 


Sulphur 

Ciloriflc  value  determined  (as  received) . .  {^*?"^'  * 


fl  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 


STEAIONO  TESTS. 

Indiana  No.  18  B  (lump). 


Si*  as  uswd : 

Over  1  inch per  cent . . 

i  inch  to  1  inch do 

jinch  to  i  inch do 

I'nder  I  inch do 

Avprage  diamntcr  inch 

Juration  of  tc.st hours. . 

Wiling  value  of  coal B.  t.  u.  per  pound  dry  coal. . 

'^on?p  of  draft: 

Under  stack  damper inch  water. . 

Alove  Arc do : 

nrvt-oal  ujM'd  p<*r  square  foot  of  grnte  surfiice  jxt  hour pounds. . 

E'iuivaient  wat<^r  evaporated  p<'r^quare  foot  of  water-heating  surface  p«'r  hour, 

pound.s ' 

i'-rc*^ntage  of  rated  horsepower  of  b(>ii«'r  de voioixd | 

Vn'titer  appan-ntly  evaporatt'd  per  pound  of  coal  as  finHi pounds. . 

Hater  evaporated  from  and  at  212*  F.: 

per  pound  of  coal  as  fin'd do i 

Per  pound  of  dry  coal do 

Per  pound  of  combustii>le do 

Efficiency  of  lK»iler,  including  grat<' per  o-nt . . 

Co«il  a."  fired : 

Per  indicated  horsepower  hour pounds. . 

Per  cli'ctrical  horsepower  hour do  — 

Drv' coal: 

'  Per  indicat4>d  horsepownr  hour do 

Per  electrical  horsepower  hour do  — 


Test 

Test 

435. 

436. 

30.4 

45.1 

17.4 

23.5 

21.8 

12.8 

30.4 

18.6 

0.77 

0.97 

10.1 

9.67 

13,545 

13,617 

0.64 

0.73 

.05 

.07 

20.47 

21.85 

3.02 

3.91 

101.4 

109.7 

6.70 

6.76 

7.79 

7.89 

S.85 

8.97 

9.86 

10.05 

♦ia.io 

63.61 

3.63 

3.58 

4.48 

4.42 

3.20 

3.15 

3.94 

3.89 
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PBODUCEE-GAB  TX8T8. 

Indiana  No.  18  B  (lump). 


Test  135.   Tei 


Slxe  at  UMd: 

Over  1  Inch per  cent. .  65 

t inch  to  1  inch do...  15 

Inch  to  J  Inch do....'  8 

Oder  {inch do....,  12 

Duration  of  te«t hours..  50  . 

Average  dectrical  honepower 196. 3  ' 

Avenge  B.  t.  u.  per  cubic  foot  of  gas 152. 6 

Total  coal  flred pounds. .  16,350 


Coal  contumcd  in  producer  per  horse- 
power hour  (poi'fuU) . 

Per  ^iPCtrfcal  horsepower: 

CommerciaUy  available 

Developed  at  switchboard 

Per  brake  norsepower: 

Commerclall  V  available 

Developed  at  engine 

Equivalent  used  &v  producer  plant 
(poundi). 

IVr  ol(«rtrical  horsepower: 

('omirierciallv  available 

Developed  at  swltchl)oard 

Per  bralce  norsepower: 

Comnierciallv  avallabht 

Developed  ai  engine 


Analynes. 


(ml. 

Mf)lNtun' 

Volatllo  iiuithT. . . 

Fixed  farhon 

Anb 

Sulphur 


ToHt  l.T.. 

Test  i:«. 

12.11 

ll.l.'i 

:i4. 10 

3,'i.ll 

4»).  K7 

4(i.  78 

C.  Ki 

C.  98 

1.44 

lAA 

Test  i:t5. 


Gas  by  volume. 

Cjirbon  dioxide  (CO,) 10. 8 

Carbon  monoxido  (CO ) 18. 6 

Ilvdrogeii  (IIj) U\.9 

Methane  (CII4) '  2.1 

Nitrogen  (Nj) 51.3 

Ethylene  (Cill «) ' 


COKING  TESTS. 

Indiana  No.  18  A  (wju^bod  slack). 


Test 


8lw»  HH  UH0<1 

Duration  of  test hours. 

Coal  charffiMl pounds. 

Coke  produced 


Test  158.   Test 


notcr, 
16  ' 
11.800  I 
None.  ' 


Remarh. — Tost  158:  Charge  aahed  down  about  2  inches  and  blaze  lost. 
Charge  ashed  down  about  3  inches  and  blaze  lost. 


Test 


,  Tnt  ISk  I  Vmt  1«L 


tobtUei 


zj 


njttd  eAftHw. 


n 


u.m 

lafT 

u.m 

m.m 

mm 

«kw 

7.m 

cf» 

M.m 

t.# 

Bituminous  cdhI  frtmi  the  ""' Brazil  BliK'k  top  bed/'  ui  Dianiotul, 
lirke  Couoty,  on  the  Cliicago  and  Eastern  Illinois  Kailmad,  \vn» 
^edg^nated  Indiana  No.  UK  The  caaL  as  worked  at  a  depth  of  121 
fe^t  at  thb  place,  averages  4  feet  4  inche*^  in  thickness. 

One  sample,  shipj>ed  under  the  supervision  of  John  W.  Grovee, 
coiBisted  of  screenings  (through  l}-ineh  stationary"  bar  screen),  and 
i^as  used  in  steaming  test  464  (on  briquets)  and  bricjuc'^tting  t^sl  165** 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
^534  was  taken  1,200  feet  southwest  of  the  shaft,  where  the  coal  nieas- 

Imd  4  feet  9  inches  in  thickness.     Sample  35;{5  was  taken  500  feet 
^t  of  the  shafts  w^iere  the  coal  measured  4  feet  1  iuoh  in  tluckness. 


CHEMICAL  JtNAlYSES. 


Indiana  Mil.  19. 


M\m  immp\^. 

&l«lUtl- 

^MitJjryNo...^.-,,,-..... ...,..* , ,..,.... 

m4 
19.70 

13,  us 

IXtA 

^tTta?i«»:„  :...::: 

1,34 

4,^ 

VolAtUamAtto-....,. ...^,.„... 

Mta 

Vltfl  4*r*»«n 1,.  X 

44.  CO 

Alb -,.„„*,.., „„ 

mt» 

'   SBih^iir. _...„-. .,„., ..„ 

Hm 

""TO8«. 

i.i« 

CtrlKiii.. ..,., *..,., .,...^^,,_ ,-..*^ 

ftLTl 

Nitrofen*..,..*...-,-..^*.       *.             .,      ..** 

i>oa 

OnsBli ^ ,^...._.^_  i...^., , 

7.04 

1™   :::::::: 

^1  M 

^ulptiiir,**. 

* 

S.6» 

/ 
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STEAXINe  TS8T. 

Indiana  No.  19  (Renfrow  briquets). 


Duration  of  test hours. 

Heating  value  of  fuel B.  t.  u.  per  pound  dry  fuel. 

Force  (rf  draft: 

U  nder  stack  damper inch  water . 

Above  fire do... 

Furnace  temperature "F . 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equlvatent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour do. . . 

Percentage  of  rated  horsepower  of  boiler  develofied 

Water  apparently  evaporated  per  pound  of  fuel  as  fired pounds. 

Water  evaporated  from  and  at  212^  F.: 

Per  pound  of  fuel  as  fired do . . . 

Per  pound  of  dry  fuel : do... 

Per  pound  of  combustible do. . . 

Efficiency  of  boiler,  including  grate per  cent. 

Fuelasnredr 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  fuel: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


Test  461 


7.57 
11,930 

a79 
.16 
2,613 
2a  86 
a2S 
91.8 
5.92 

7.15 
7.86 
9.62 
63.62 

3.96 
488 

3.60 
444 


Remarks. — Test  made  on  briquets  from  test  165*,  which  burned  well  with  short 
flame,  making  5.5  per  cent  of  black  smoke.  Briquets  broke  enough  in  burning  to 
allow  small  percentage  of  fine  unconsumed  fuel  to  pass  through  grate.  Ash  and 
clinker  of  dark-gray  color,  not  sufficient  to  retard  draft.  Clinker  was  easily  broken 
with  hook,  but  stuck  to  burning  fuel;  33  per  cent  clinker  was  formed. 

BSIQU^TTIKO  TEST. 

Indiana  No.  19  (raw  screenings). 

Test  165*. — Size  as  used:  Over  \  inch,  3.6  per  cent;  ^  inch  to  J  inch,  12.4  per 
cent;  ^V  inch  to  ^  inch,  20  per  cent;  :fV  inch  to  j^  inch,  24  per  cent;  through 
;f'(y  inch,  40  per  cent.  WTien  made  with  dry  coal  and  8  per  cent  binder  briquete 
were  hard,  with  firm  surfaces  and  very  n:>ugh  fracture.  With  moist  coal  satisfactory 
briquetH  were  riiadci  regardless  of  percentage  of  binder  used.  These  briquets  had  a 
(lull-gray  color,  due  to  the  presence  of  a  large  amount  of  clay.  For  analyses  of  bri- 
(juets  s('(;  page  ]43. 


Details  of  manufacture: 

Machine  used 

Temperature  of  briquets. 
Binder- 
Kind 


Laboratory'  No.  (see  p.  40) 

Amount l)or  rent. 

Wcieht  of — 

Fuel  briquetted pounds. 

Briquets,  average do. . . 

lleat  value  per  pound  — 

Fuel  as  received B.  t.  u . 

Fuel  as  fired do. . . 

Binder do. . . 


Renf.  1 

131  i 

w.  g.  p. 
I  0  3962 
I        4120 

8 

80,000 
0.  riGQ 

9.524 
10,710 
16.946 


Drop  test  (1-inch  screen) : 

Held per  cent 

Passed do. . 

Tumbler  test  (1-lnch  screen) : 

Held do.. 

Passed  (fines) do. . 

Fines  through  10-mesh  sieve. do. . 
Weathering  test: 

Time  exposed days. 

Condition 

Water  absorption: 

In  16  days per  cent 

Average  for  first  5  days do. . 

Specific  gravity  (apparent) 


64.0 
36.0 

89.0 
11.0 
91.5 

C. 

12.6 
1.90 
1.211 


o  Binder  contained  0  parts  No.  4120  and  1  part  No.  3962, 
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ntobflft. 

FwL 

^?iSK 

3803 

41tl0 

13.10 
L13 

XSl     J 

,__ „,,.-- ..percpnt-. 

■  -  - _._..™.- do-.J 

""WM- 

■"'■fz.'Td" 

IKPIANA   T»fO,    20. 

l»0Ml  from  the ''  Brazil  Block  bottom  bed/"  at  Brazil, Clay 
he  Chicago  and  Easter rn  Iitinoi^^  Railroad,  was  desigiuit^d 
20.     This  coal^  as  worked  at  a  depth  of  148  feet  at  thb 
ges  3  feet  7  inches  in  thickness. 

le,  shipped  under  the  superviiiion  of  John  W.  Groves,  con- 
■eenings  through  a  IJ-inch  bar  screen,  iind  was  iiised  in 
,  185  and  briquetting  te^st  169*. 

8   samples   were   taken   for   chemical   analysis.     Sample 
sen  800  feet  southeast  of  the  shaft,  where  i\\%  coal  meas- 
5  inches  in  thickness »     Sample  3537  was  taken  600  feet 
f  the  shaft,  where  the  coal  measured  3  feet  8  inches  in 

GHEiaCAL  AKALYBES. 

Indiana  No.  L'O. 

Mine  samples. 

Carsam- 
pU.. 

Briqufit- 
ingteat 

3536            3537 

3979 
13.10 

16.91 
26.85 
38.87 
17.37 
1.89 

5.48 
52.97 

1.01 
21.28 

4627 

11.30 

15.38 
32.66 
46.08 
5.88 
1.95 

10.40 

15.91 

33.19 

46.05 

4.85 

1.22 

0.67 

\T 

35.75 

47.65 

6.93 

1.40 

5.06 

75.14 

1 

1.25 

9.33 

7.67 

1.55 

ermined  (as  received) ^^^i^T.'. ' 

6,489 
11,680 

5,29i 
9,524 

roziinate  analysis  of  fuel  as  received;  ultimate  analysis  on  dry  b  asis. 

WASHING  TEST. 

Indiana  No.  20  (screenings). 

ze  as  used,  screenings.     Jig  used,  Stewart.     Raw  coal,  60,000  pounds. 
0,000  pounds;  67  per  cent.     Refuse,  20,000  pounds;  33  per  cent.     For 
coal  used  see  above  (car  sample  3979).    Washed-coal  analysis:  Moia- 
1,  7.09;  culphur,  1.35. 
Bull.  No.  332—08 10 
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BBIQUETTIHO  TEST. 

Indiana  No.  20  (washed  stTeenings). 

Test  16P*.— Size  as  used:  ^^  inch  to  J  inch,  3.0  per  cent;  ^  inch  to  ^  inch,  16 
cent;  ^^  inch  to  j^  inch,  26.6  per  cent;  through  ^V  i^^l*»  ^-2  per  cent.  Bri 
satisfactory  when  made  warm,  using  7  per  cent  binder;  surface  became  soft  and  * 
abraded  as  briquets  cooled;  were  easily  handled  from  machine,  but  produced 
percentage  of  slack  in  handling  afterwards.  Fracture  was  rough  and  color  bri 
than  in  briquets  fn»m  unwashed  fuel.     For  analyses  of  briquets  sec  page  145. 


Details  of  numtifacture: 

Machine  used 

Temperature  of  briquets .'**F. 

Binder- 
Kind 


Laboratory  No.  (see  p.  40  > 


Amount per  cent . 

Wei^t  of— 

Fuel  briquetted pounds. 

Briquets,  avera^ do. . . 

Heat  value  p«r  pound- 
Fuel  as  received B.  t.  u. 

Fuelasflred do... 

Binder do. . . 


r.enf. 
131 

^w.g.  p. 
/       4318  I 
I        4543  I 

7  . 

30,000  I 
0.427 

12,994  ' 
12,391  , 
lfi.811 


Drop  test  (1-incli  screen) : 

Hdd per  ooit . 

Passed do... 

Tumbler  test  (1-incb  screen) : 

Hetd do... 

Passed  (fines) do. . . 

Fines  througii  10-mesh  sieve .  .do. . . 
Weatherhigtest: 

Time  exposed days. 

Ckmdition 

Water  absorption : 

In  19  days per  o«it . 

Average  for  first  4  days do. . . 

Specific  gravity  (apparent) 


Extraction  analyses. 


Pitches. 


Fuel. 


Bri 

I     1 


Laboratory  No. 
Air-drving  loss. . 
Extracted  by  CSi: 


Air-drving  loss p«>r  cent. 

Tbyr-. 

Air-driod do. 


4318 


As  reoeivfid do. 

Pitch  in  briquets,  as  n'onivini do. 


4543 


99.66 


3979 
13.10 

.73 

.63  I 


INDIAN  TERRITORY. 


IXI>IAX    TERRITORY    XO.   3.o 

Bituminous  coal  from  the  Ilartshorne  bed,  at  Hartshome,  or 
Rock  Island  Railroad,  was  designated  ''  Indian  Territory  No.  2^ 
coal,  as  worked  from  the  outcrop  and  by  shafts  at  this  place,  i 
ages  4  feet  1  inch  in  thickness. 

Two  samples  of  coal  were  shipped,  as  follows:  Indian  Terri 
No.  2  B,  uninspected,  c(msisted  of  slack  screenings  (through  a  f- 
shaking  screen)  and  was  used  in  steaming  tests  418,  453  (on  briqu 
and  456  (on  l)riquets);  washing  test  176;  and  briquetting  tests 
136,  137^^  13S,  130,  145,  146,  147,  148*t,  1-*'^*'  ^''^''t,  and  168.  In 
Territory  No.  2  C,  shipped  under  the  supervision  of  Jolin  W.  Gr< 
consisted  of  lump  coal  over  a  1-inch  shaknig  screen,  and  w^as  us( 
steaming  test  455  and  briquetting  tests  153,  154,  155,  and 
Indian  Territory  Mos.  2  B  and  2  C  were  used  (mixed)  in  stea: 
test  417. 


o  For  othpr  tests  of  coal  from  this  mine,  ma<le  durinp  11K)4,  see  Hull.  U.  S.  (leoL  Survey  No.  2( 
pp.  39,  G7,  81,  124,  Ifxi;   und  Prof.  Paper  U.  8.  Gcol.  Survey  No.  48,  lOOt'.,  pp.  (iO,  2iri,  5a5,  1337,  143 
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CHEMICAL  ANALYSES. 
Indian  Territory  No.  2. 


Steaming  tests,  a 


B. 


Proztmate: 

Moisture 

Volatile  matter. . 

Fixed  carbon 

Aih 

Sulphur 

Ultimaie: 

Hydrogen 

Carbon 

Nitrogen 

SSf";::;;::::: 

Sulphur 


m. 

453. 

456. 

2.02 

3.29 

2.85 

36.14 

35.25 

34.91 

52.42 

53.15 

54.03 

&52 

8.31 

8.21 

1.08 

1.52 

1.50 

4.94 

4.93 

4.87 

7&63 

7a  11 

76.28 

1.91 

1.60 

1.71 

G.70 

7.11 

7.15 

a  78 

8.59 

8.45 

2.04 

1.57 

1.54 

417 
(Band  455  (C). 

C).    I 


2.88  I 

35.40  I 

51.87 

9.85  I 

1.80  I 

4.89 
74.63 

1.88 

6.61 
10.14 

1.85 


2.70 

35.84 

53.40 

8.06 

1.46 

4.95 
76.57 
1.79 
6.91 
a28 
1.50 


Briquet  ting  tests.b 
B. 


135, 136.  137,  168. 


145,146,' 


139. 


3.f»l 

3.85 

2.87 

33.03 

34.06 

35.02 

49.64 

49.36 

50.60 

13.72 

12.73 

11.51 

1.76 

1.71 

1.72 

4.65 

4.54 

4.48 

71.08 

73.17 

73.39 

1.46 

1.61 

1.49 

6.75 

5.66 

7.02 

14.23 

13.24 

11.85 

1.83 

1.78 

1.77 

2.80 

35.67 

53.77 

7.76 

1.68 

4.91 
75.63 
1.52 
8.33 
7.98 
1.63 


149». 


2.13 

36.97 

54.14 

6.76 

1.47 

5.04 
77.98 
L78 
6.79 
6.91 
1.50 


«  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
^  Proximate  analysiB  of  fuel  as  received;  ultimate  analysis  on  dry  basis.- 

STEAMINO  TESTS. 
Indian  Territory  No.  2. 


^Mused: 

Over  1  inch per  cent. 

(inch  to  1  inch do... 
inch  to)  inch do... 
^nder  J  inch i do... 

j^  Average  diameter inch . 

^Oration  of  test hours. 

Jeuting  value  of  fuel..  B.t.u.  per  pound  of  drvfuel. 

'orce  of  draft: 

I'nder  stack  damper inch  water. 

Above  fire do. . . 

Furnace  temperature °h\ 

"ry  fuel  used  per  square  foot  of  grate  surface  per 

phour .pounds. 

Equivalent  water  evaporated  per  squiire  if)ot  of 
»ater-heating  surface  per  hour pounds. 

^fit*ntage  of  rated  horsepower  of  boiler  developed. . 

"ater  apparently  evaporated  per  pound  of  fuel  as 
fired pounds. 

''ater  evaporated  from  and  at  212°  F.: 

Per  pound  of  fuel  as  fired do 

Per  pound  of  dry  fuel do 

Per  pound  of  combustible do  . . 

Sfficiencv  of  l>oiler,  Including  grate per  cent. . 

Fuel  as  fired: 

I'er  indicated  horsepower  hour pounds. 

^    Per  electrical  horsepower  hour do 

I>ryfuel: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour .do. . . 


"  Sec  jvi^re  14.S. 

Remarks. — Test  453  on  ])riquols  inmi  test  I  IS^f:  Bri(iiiets  wore  ])a(lly  hmken  up 
^«n  weathering  and  handling.  Fiud  i)urnod  quickly,  witli  nie<liiini  flame,  intense 
W,  and  4.5  per  cent  black  smoke.  ('<HL^i«lera1>le  nf  the  tAavk  from  the  ]>ri<piets  fell 
through  the  grates.  Clinker  was  thin,  dark  irray  in  color,  not  porous,  and  stuck  to 
tlje  grate. 

Test  45()<»n  briquets  from  tests  LIS  and  1571:  r.ri<}uets  from  test  138  Inirned  readily, 
with  short,  yellow  flame,  intense  lieat,  and  7  jut  rent  blaek  smoke.  Uritiuets  from 
test  ]57t  burned  well  until  clinker  formed  over  the  grate.  Best  results  were  obl'Auxevi 
when  briquets  were  fired  whole;  8.5  per  cent  black  smoke.     Clinker  on  bol\\  tesv.^  >N^iA 


148 


REPORT   U.   S.   FUEL-TESTING   PLANT,  1906-7, 


very  heavy  and  of  a  dark-purple  color,  and  formed  in  layers.    Water  thrown  into  aah 
pit  did  not  prevent  clinker  from  sticking  to  grate. 

Test  455  on  briquets  from  tests  153, 154, 155,  and  156  (equal  parts):  Square  briquets 
did  not  give  as  good  results  as  round  ones,  owing  to  holes  in  the  fire,  although  they 
made  less  clinker  on  account  of  cooler  fire;  8  per  cent  black  smoke.  Clinker  was 
tough,  purple  in  color;  formed  a  thin  layer  over  and  stuck  to  the  grate. 

WASHINO  TEST 

Indian  Territory  No.  2  B. 

Test  176. — Size  as  shipped,  slack.  Size  as  used,  slack.  Jig  used,  modified  Stewart. 
Raw  coal,  38,000  pounds.  Washed  coal,  29,060  pounds;  78  per  cent.  Refuse,  8,940 
pounds;  22  per  cent. 

Analyses. 


Raw 
coal. 

Waahe<L 
coal. 

Moisturo 

6.27 
32.37 
47.07 
14.29 

1.79 

6.6— 

Volatile  matter 

Fixed  carbon 

Ash 

8.2=^ 

Sulphur 

L5^ 

BBIQUETTIKO  TESTS. 

Indian  Territory  No.  2. 

• 

Tests  1S5,  lS6y  187,  145,  146,  147,  148*^,  and  168  (coal  B,  raw  «iadb).— There  was  ni^ 
apparent  difference  in  English  briquets  with  6,  7,  and  8  per  cent  binder.  A  small  lo  - 
with  5  per  cent  binder  showed  shortage  of  pitch.  Pressure  on  machine  was  changec — '- 
during  making  of  Renfrow  briqueta,  as  indicated  in  tests.  All  briquets  wen*  satis^ 
factory,  having  sharp  edges,  hard  surfaces,  and  clean,  rough  fracture;  could  be  handled::^ 
from  machine  while  warm  and  piled  5  feet  high  without  sticking  together  or  crushing-^ 
For  analyses  of  briquets  see  page  147  (briquets  from  test  148*t  under  "  Steaming  tesr 
453"). 


Test 
I     135. 


Details  of  mamifHCtun'.: 

dachine  used Eng. 


Teinperaturo  of  briquets  . .  .''F. . 

Bin  dor- 
Kind 

Laboratory  No.  (sH«e  p.  40) . . 
Amount per  cent . 

Weight  of- 
Fu 


•g.P- 

3258 

6 


11,000 
3.4<) 


I 


12.400 
12.317 


b'uel  briquet  tod pounds. 

Briquots,  avorago do. . . 

lloat  vaUK!  per  pound- 
Fuel  as  received B.  t.  u 

Fuel  as  flred do ,  ** 

Binder do. . .  .1  \^^,KI'^ 

Drop  test  (1-inch  scmrni): 

1  leld jwr  cent . .  I 

Passed do 

Tumbler  test  (1-inch  screen):  , 

Held do....' 

Passed do 

Fines    through    10-mesh    sieve,  i 

per  cent 

Weathering  test: 

Time  exposed days. .  i        230 

Condition W. 

Water  absorption:  | 

In  16  days \yeT  cent 

Average"  for  first— 

13  days do.. 

6  days do.. 

Specific  gravity  (apparent ) 


Test 
13«i. 


Eng. 

185  I 

^v.g.p.  , 

;«58 


22.000  i 
3.SH 

12.400  I 
12.317 
10.373  , 


Test 
13: 


Test 
'-  145. 


Eng. 
185 


Eng.    , 
186 


Test 
146. 


''X: 


Test 
147. 


Test 
148*t. 


Test 
168. 


'■% 


Kenf.  I 

149  I 


Hen- 
1^ 


w.g.p.    w.g.p. 
3296  I       348ti  ' 


70.000 
3.77  I 

12.400 
12. 481 
l(i.  427 


74.8 
25.2 


239 


239 


I 


16.000 
3.53  I 

12.033 
12.811  ' 
16.241 

81.7  I 
18.3 

73.3 
•26.7 


145 
B. 

8.6 

1.62 

"lAhV 


W.g.p.    w.g.p. 
3()SJ  I      3624 

7,  8 

16,000     16.000 
3.64  I      3.43 

12,033  I  12,033  ' 
12.811  12,811  i 
16,241      16.241 


w.g.p.lw.g.J 
3486  32S 

8  I 


82.8 

17.2  I 

79.8 
20.2  , 


145  I 
A. 


84.2  I 
15.8 

80.8 
19.2  I 

75.6 

145 
A. 

11.4 

.84 

"i.*676' 


19.400  I 
0.515  I 

12,033  I 
13,412 
16.407  I 

58.5  '. 
41.5  '- 

81.0  I. 
19.0  '. 

95.4  '. 

144 
B. 


99.  nc::^ 

0.5CT* 


12.' 4-^ 

16,«:2^ 


339 


12.9 


1.11 


^  I- 
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Extraction  analyses  ^ 


Laboratory  No 

Air-drying  loaa per  cent . . 

Extracted  by  CSi: 

Ai  r-d  ried do 

As  received do 

Pitch  in  briquets  as  received, 
per  cent 


Fuel. 


3381 
1.50 


.33 
.32 


3472 
3.80 


.43 

.41 


Briquets. 


Tests 
135.  136. 


3262 
1.60 


4.80 
4.72 


Test 
137. 


Tests 
145.  146.  I 
147.       ! 


Test 
14»*t- 


3342 


6.32 
7.32 


3520 
1.00 


8.87' 
8.78 


10.19 


4086 
1.30 


6.11 
6.00 


6.67 


Test 
168. 


3343 


8.84 
10.40 


a  The  extraction  analyses  of  the  pitches  used  can  be  found  by  referring  to  page  40. 


Tests  138,  239,  l^P*,  and  157^  {coal  B,  washed  slack);  Usts  153, 154,  155,  and  156  {coal 
C  lump). — Tests  138  and  139  were  made  from  the  first  sample  sent  to  the  plant,  and 
t^sta  149*  and  157t  from  the  second  sample.  Excellent  briquets  were  made  with  8 
X>^r  cent  binder.  The  English  briquets  showed  the  advantage  of  higher  pressure  by 
V>eing  harder  and  closer  grained  and  having  smoother  surfaces  and  sharper  edges. 
Similar  differences  mark  the  superiority  of  these  briquets  over  those  from  the  same 
slack  unwashed. 

The  briquets  made  from  lump  coal  (C)  may  be  considered  as  standing  in  value 
V)etween  those  made  from  washed  and  those  made  from  unwashed  slack  from  the  same 
xnine;  they  are  identical  in  appearance. 

For  analyses  of  briquets  see  page  147  (briquets  from  tests  138  and  157t  under  **  Steam- 
ing test  456,"  from  tests  153,  154,  155,  and  156  under  '*  Steaming  test  455"). 


Test 
138. 


Test 
139. 


I>etaii8  of  manufacture: 

Machine  used 

Temperature  of  briquets. .  .**  F. . 
Binder—  i 

Kind 

Laboratory  No.  (see  p.  4(J) .  .j 

Amount per  cent . . 

Weight  of—  I 

Fuel  briquctted pounds. . 

Briquets,  average do 

Heat  value  per  pound- 
Fuel  as  received B.  t.  u. . 

Fuel  as  fired do 

Binder <lo 

t>rop  test  (1-inch  scn«enj : 

Held percent. . 

Passed do 

Tumbler  test  (1-inch  screen) : 

Held do.... 

Passed  (fines) do 

Fines    through    10-iiiesh    sieve, 

per  cent 

Weathering  test: 

Time  exposed days. . 

Condition 

Water  absorption:  ' 

In  19  days per  cent. . 

In  15  days do 

Average  for  first—  , 

5  days do 

12  days »do 

Specific  gravity  (apparent; I 


Eng.  lieni.  I 

185  149 

.       I 

w.g.p.  w.g.p. 

3624  .{296 

8  8 

16,000  20.000 

:iM  0.451 


Test 
149*. 


Kenf. 
149 

w.g.p. 

3624 

8 

40.000 
0.476 


Test 
157t. 


Eng. 
185 

w.g.p. 
.1624 


8,000 
3.34 


C. 


1:1.562     13,541 
16.  427      16.  427 


S8.9 
11.  I 


H,-x  0 

15.0 


12.S 


(iO.O 
40.0 


79.0 
21.0 


i;{,707 
16.  193 


.%.  0 
44.0 


76.  0 
24.  0 


149 


13, 707 
16, 19:J 


85.5  I 
14.5  I 


82.5  i 
17.5 


128  1 
A.  I 


Test 
153. 


Eng. 

185 

w.g.p, 
3486 


1,000 
3.11 

13.630 
13,581  I 
16,407 

79.  8 
20.2 

71.0 
■29.0 


239 
C. 


12.6 


Test 
154. 


Test 
155. 


Eng.  Eng. 

185  I  185 

w.g.p.'  w.g.p, 

3486  I  3486 

7  8 


1,000 
3.19  ' 

13.630  ' 
13,581  I 
16.407  ' 

84.6  I 
I5r4 

76.6  I 
23.  4 


239 
C. 


1.20  2.0 

i.()97        i.06l 


2.  26 
"i.'024" 


1.06 

.1 
1.'096' 


0.93 
1.070 


1.34 


1,000 
3.14 

13,6,30 
1.3, 5S1 
16,407 

86.4 
13.6 

83.5 
16.5 


2:i9 
c. 


10.  2 
1.57 
i.0.S8 


Test 
156. 


Kenf. 
14 

w.g.p. 

3486 

8 


8.000 
0.490 

13.630 
13.581 
16.407 

70.0 
30. 0 

81.5 
lvS.5 


182 
B. 


1.84 
i.077 
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Extraction  analyses.*^ 


Laboratory  No 

Air-drying  loss per  cent. . 

Extracted  by  CSi; 

Air-dried do 

As  received do 

Pitch  in  briquets,  as  received, 
percent 


Fuel. 


3281 


0.43 
.41 


I 


3487 
4.(J0 


1.06 
1.01 


Briquets. 


Test  139.    Test  149*.|  1  Tests^ 


1.30 


7.67 
7.58 


8.75 


3550  . 
0.5 


6.43 
6.40 


6.22 


4106 
0.90 


6.10 
6.04 


6.32 


Fuel. 


I  Briquets, 

tests  153, 

154,15S, 

156. 


3657  ! 


aso 


&75 
&7D 


&56 


a  The  extraction  unalynis  of  the  pitches  used  can  l>e  found  by  referring  to  p.  40. 

INDIAN  TERRITORY  NO,  8, 

Bituminous  coal  sent  in  uninspected,  designated  Indian  Territory 
No.  8,  was  used  in  steaming  test  437  and  washing  test  175. 

CHEMICAL  ANALYSES. 

Indian  Territorv  No.  8. 


Steaming 
tost  437.  a 


Proximato: 

Moisture 

Volatile  matter. 

Fixed  carbon 

Ash 

Sulphur 


2.80 

35.67 

53.77 

7. 7() 

l.-W 


I'ltimate: 
Hydrogen . 

Carbon 

Nitrogen . . 

Oxygen 

Ash 

Sulphur... 


Steaming 
test  437.* 


i91 
75.63 
1.52 
8.SJ 
7.98 
1.63 


a  Proxiiiiat*'  unalwis  of  fu«'l  us  fin'«l:  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

STEAMING  TEST. 

Indian  Territory  N<».  S  (wiushed.  Ron f row  briquets). 


Test  43:. 


Duration  of  test .  *. hours. 

Heating  value  of  coal B.  t.  u.  jier  pound  dry  coal. 

FoTLV.  of  draft: 

Undrr  stack  rlamper inch  water. 

AI)ovi'  fire do... 

Dry  coal  used  jkt  squan^  foot  of  prate  surfiice  pT  hour pounds. 

Equivalent  water  evaporated  [xt  souarc  foot  or  water-heatinp  surfaxv  p«^r  hour do. .. 

rercentagc  of  rated  horsepower  of  i>oilcr  <ieveloped 

Water  apparently  evaporated  per  ixmud  of  coal  as  finvi pounds. 

Water  evaporated  from  and  at  212"'  F.: 

Per  pound  of  coal  as  flre<l do. . . 

Per  i)ound  of  dry  coal do. . . 

Per  pound  of  coinbustibl*' do... 

ElTiciency  of  boiler,  inchnling  prate per  cent. 

Coal  as  fired: 

Per  indicated  liorsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  coal: 

Per  indicated  horsepower  hour do... 

Per  electrical  horsepower  hour do... 


1.^ 
13,932 

O.Tt) 
.03 

iy.3i 

3.43 
9P.0 
7.45 

8.64 

10.08 
61.62 

3.5 
4.04 

3.18 
3.93 


^^^^^H          TESTS— INDIAN   TERRITOEY,            ^^^^           10fl 

^^^^^H                           WASMIKG  T£ST,                                                              M 

^^^^^^"                    Tf»dian  Ti-mtory  No.  S,                                                     ' 

rJi.—Jig  uifd,  Stewart,     Itaw  cod,  37,600  pounds.     Waahed   cmA,  32,30Q 
86  p«r  e<>nL     R4^im«}  5,300  pounde;  14  per  ct^nt.                                              H 

SS 

WmM 

• 

3,77 
a£05 

la.  ^ 

LTV 

Hi  97 

QtftiiiT* . . .  • ,  *  ..                .             .             .          ..*,.,.! 

1»».^<..-*....»- .,,.. - ..„„.-„,„. -,„^, ..*„.- 
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INDIAX  TERUITORT  XO.  9. 

jantliracit^  eoal  from  Panama,  on  the  Kansas  City  Southern 
ad,  was  designatol  Indian  Territory  No.  9. 
-  .sample,  .shipped  unini^peited,  con;iiistecl  of  run-of-mme  coal| 
a^  tused  in  etaaming  tests  449  and  450  (on  briquets),  and  b] 

CHEmCAL  AH&XYSEG. 
Indimi  Tiimttiry  Nt*.  9. 


?oal| 

2 


CftrMm- 

4#. 

g  t4]Pta.o 

450. 

ryNo.... 

4090 
4iQ 

73.31 
LIS 

7S.37 
0^17 

4a2fi 

tf  llMfl 

a.  81 

13.43 

mid 

«.4l 
L17 

431 

S4»fi 
L7a 

1.7a 

US 

3.39 

Jto  nutter           »,"  ii 

n  15 

I fftTbOIl- -*.,*-. !.*.„*.  I  .  ..i  ,  .^-^      .  ...  ^..^......I.„ 

7X04 

".C 

lUF*... »'*..««..■........«**. **.»...*..    ,-,..♦♦.*.  ^.....-, ,,. 

i,ia 

133 

jT*^^  •-     *                                    "  -   * 

R1S0 

-ttn 

Lei 

ST^ 

2.40 

.V,                       4J               , 

7.68 

IW 

1-lfl 

" 

/caEorfmi.. 
—  ^iB.  LU.., 

^!S& 

Wim  dMiiniliied  (^  TH%lvi?rl  ^ ........  4 

"■*' 

1 

roximate  analysis  of  fuel  hh  flivd;  iiltimato  analysis  of  dry  fuel  figured  from  car  sample. 
STEAMING  TESTS. 
Indian  Territory  No.  9  (nin  of  mine). 


Teat  449.    Teat  460. 


led: 

1  inch poroont.. 

I  to  I  inch do 

I  toi  inch do 

rj  inch do — 

kge  diameter inch . . 

of  teat hours . . 

raloeof  fuel B.  t.  u.  per  pound  dry  fuel.. 

Inft: 

r  stack  damper inch  water. . 

e  lire do 


7.5 
8.1 
12.4 
72.0 
0.35 
10.2 
14,682 

0.77 
.U 


^Seep.152 


0.07 
14,603 


o.n 


m 


MES^mi  r«  &  nnCL.'TEBTISG  puutt. 


Indiam  Tenitorr  So.  %  mm  <d  i 


TsitMlL  TvtA 


fwta^tn  UamnvuK •F..  rss  IW 

l/r7lwl4M4f^rr««|4»fi«rfr>rA<tfgBkt«raarlM»p«rtaoor poaait..  tt.C  1S.I7 

KmirtiMit  WBt«!y  «ir«&ofirt«4  p«r  mmj*  fM<  «f  wmfi  i  hi«t»n  wmtaBt  per  kaai; 

K«»f» Z.U  }.« 

f'#«Kflrt44pi;<^nu4ta#>rMp«y«»v<4U«fer4f^^       9C.«  MBJ 

W«4«r  iif^9»rt4f  «rrft|^/nt^  ^tr  Mond  4f  fan  a*  fticd po«Bd»..  7^  8.0B 

Fcff^MAd'/ffuHMlM do-..  8.»  f.SI 

F«rf^^afyl'/f4f7#wl do....  f.a  fii 

F«Tf^>uM<ir<^M»itt0tirilfe do....  lO.tt  ll.» 

KA^imnr//rU4l«r,  ioetwUflf  gimt« perceM..  C1.M  66.A 

P*r  IwiiraiilM  bort(;p'/v«r  brxtr ^.. pooads..  J.16  1.* 

f*^r  t^AntMl  ftf/rm^fw*rr  btmr do —         S.flO  JW 

fT  »fi4kaiUi4  hon«!|^nr<!;r  boor do 3.04  2-^ 

i't^r  t^'truml  h'/nM^nr<!rr  boor do 3.75  3-5* 

lUtn4trkM.  T^-Kt  4/X>  on  (/ric|uetii  ffom  tert  167:  Furf  bomed  with  short  flame,  deveV 
opifig  V4^  high  UfaptmlUTti  and  no  irmoke.  A  soull  amount  oi  dinker  was  fonne^* 
which  (lid  tuK  Ktick  to  grates. 

BSIQUXTTDIO  TEST. 

Indian  Territory  No.  9  (run  of  mine). 

Te$t  JGJ.^HifM  as  used:  Over  }  inch,  0.8  per  cent;  ^  inch  to  }  inch,  3.6  per  cen^ 
/q  inrh  Uf  jV  inch,  VIS)  p«;r  cent;  -^  inch  to  ^  inch,  25.2  per  cent;  through  ^  inx^t^ 
hlM  p«'r  r*fnt.  Kxri'lhfnt  briqui'ts  made  with  7  per  cent  pitch,  which  could  be  reduce^ 
by  irirnii>iirij<  pn-wiirc  of  nuw-hin*?.  Briquets  were  hard,  with  smooth  sur^u^e  an^ 
v}inmy,  vh-MU  fnutiin*;  c»a«ily  handhnl  Innn  machine  while  hot,  but  became  somewhat 
hrillli-  wlwii  cold.     For  analyMOH  of  briquf?t«  w.h?  page  151  (steaming  test  450). 


lii'tullN  of  iiiiiiiiifiu'tiin^: 

MfU'tlllW  llfMwl    

'IfiniM-mturn  of  brl(|in*tM **K. 

MliMlir 

Kln.l 

I.alioralory  No.  (mim«  p.  M)) 

Amount.  .jxjrci'nl. 

Wt'lulit  of 

Viu'l  lirltjiu'HiMl im)UI1(Ih. 

Mrh|ui>I.H.  ii\<'niK«» do  . . 

IIohI  miIiii'  |N>r  poiiiiil 

KiH'l  iiH  nHM^IviMl H,  t.  u. 

V\\v\  an  \\t\h\    <l(». . . 

llllHltT do    . 


Drop  test  (l-lnch  acreen): 

Kenf.  lleid percent 

176  Passed do.. 

Tumbler  test  (l-lnch  screen): 

N.  g.  p.  Held do. . 

4lSo  j         Passed  (fines) do.. 

7   '         Finos  through  10-ine«h  sieve  .do. . 
j  Weathering  t«8t: 

70, 000  Time  exposed days 

0.  45'.»  Condition 

I  Water  absorption: 

i:i,0fl2   '         In  18  days percent 

I4,10.'i  Average  (or  first  5  days do.. 

17. 060   I  Specific  gravity  (apparent) 


62. 
37. 

82. 
17.-- 

B  - 

16.^ 
1.09C^ 


Kxtraction  analyses. 


Pitch.         Fuel.    |Brt^u.^.. 


l.iiborulorN  No.. 
Alr-drvUitf  lo»j».. 
Kxtnu'tiMl  bv  I'S, 

.MrdrhMl 

.\n  nH«<*t>tMl 


.  i>«»r  cent . 

do... 

do... 

do... 


4120 


97.70 


4000  I 
4.50 


.50  : 

.48  i 


4326 

a90 

6.20 
6.14 
5.83 


TE8T8 KANSAS. 
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KANSAS. 


KANSAS  XO.  2.a 


Bituminous  coal  from  the  lower  Weir-Pittsburg  bed  at  Yale,  Craw- 
ford Coimty,  was  designated  Kansas  No.  2  B.  The  coal,  as  worked  at 
a  depth  of  36  feet  at  this  place,  averages  3  feet  in  thickness. 

One  sample  consisted  of  slack  coal,  shipped  uninspected,  and  was 
used  in  steaming  tests  (on  briquets)  487,  488,  and  495;  washing  tests 
191  and  191a;  and  briquetting  t^ts  182*t,  183*,  194*,  195,  199*, 
203*,  and  204*. 

CHEMICAL  ANALYSES. 

Kansas  No.  2  B. 


Car 

sam- 

1^1. 

Proximate: 

Moisture 

1 
1      &01 

Volatile  matter 

'    26i30 

^Ixed  carbon . .  , 

1    45.22 

Aah 

'    20.38 

Solphtir. 

1      4. 70 

ntimato:                                           | 

Hydrogen 

Carbon 

Nitrogen ' 

OxTsen i 

aStt.: ; 

Sulirfiur ! 

Steaming  tests.o 
4«7.     ;     488. 


9.43 
29.71 
43.67 
17.19 

4.15 

4.28 
66.12 

1.03 

5.01 
18.98 

4.58 


4.64 
28.40 
46.56 
2a  40 

4.48 

5.03 
64.05 

1.20 

3.62 
21.38 

4.71 


495. 


195. 


Briquetting  teats. 
I    199.*       203.* 


7.64 
32.49 
51.52 
8.35 
3.60 

4.61 
74.58 
1.25 
6.62 
9.04 
3.90 


4.23 

2.78 

32.64 

31.67 

53.57 

46.78 

9.56 

ia77 

3.36 

4.36 

4.81 

4.35 

76.20 

66.00 

1.20 

.96 

4.34 

4.89 

9.99 

19.32 

3.61 

4.78 

2.88 
33.04 
52.26 
11.81 

3.84 

4.32 
72.13 

1.09 

6.33 
12.18 

3.95 


204.* 


3.20 
33.95 
51.53 
11.32 

3.82 

4.55 
73.25 
.  1.12 

5.40 
11.73 

3.95 


o  Proximate  analysis  of  fuel  as  fired;  ultipiate  analysis  of  dry  fuel  figured  from  car  sample, 
ft  Proximate  analysis  of  fuel  as  received;  ultimate  analysis  on  dry  basis. 


STEAMINQ  TESTS. 

Kansas  No.  2  h  (briquets). 


t>uration  of  ti'st hou  rs 

Heating  value  of  fuel H.  t.  u.  [kt  pound  dry  fuol. . 

*^orce  of  draft  with  rcferemt)  to  atmospheric  pn^ssunv 

Under  sta<'k  damper inch  water. . 

AiKive  fire do 

Fumaiv  temperature, °F. . 

I>ry  fuel  used  pc»r  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface 
per  hour pounds.. 

Percentage  of  rated  horsepower  of  boiler  develoix'd 

Water  apparently  evaporated  per  pound  of  fuel  as  finni pounds. . 

Water  evaporated  from  and  at  212*  F.: 

Per  pound  of  fuel  as  fired do 

Per  pound  of  dry  fuel do 

Per  pound  of  combustible do 

EfBcfenc'V  of  boiler,  including  grate per  cent. . 

Fuel  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  fuel: 

Per  indicated  horsepower  hour do  — 

Per  electrical  horsepower  hour do 


Test 

4%  (w  ). 


12, 193  I 


0.82  I 
.17 


19.43 

I 
3.  10 

m.  H  I 

5.97 

7.  22 
7.97  1 

10.11 

03.12  I 

3.92  I 

3.  Tw 

4.  ;i.s  ' 


0.80 
.17  ' 


3.44 

0.19 

7.48 

7.S4 

10.  20 

04.  34 

3.7H 
4.07 

3.01 
4.4.')  ' 


13,811 

0.84 

.18 

2. 802 

20. ;» 

3.81 
10<i.  8 
7.18 

8.07 
9.  39 
10.  'ui 
0.').  tlO 

:i.  20 
4.03 

3.01 
3.72 


•  For  other  tests  of  coal  from  this  mine,  made  during  1004,  see  Bull.  U.  S.  (}<'ol.  Survey  No.  2til,  1905, 
pp.  44,  81,  125,  159,  and  Prof.  Paper  T.  S.  Oeol.  Survey  No.  48,  1906.  pp.  84,  227,  593,  1345,  1443, 
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Remarks.— Teet4S7  on  briquets  from  test  182  *t;  U«t  488  on  briquets  from  test  183*. 
Euglish  briquets  fired  whole  burned  freely  with  hot  fire  and  2.5  per  cent  black  smoke. 
Renfrow  briquets  burned  quickly  with  medium  flame,  intense  heat,  and  no  smoke. 
English  briquets  made  40  per  cent  and  R(»nfrow  briquets  51  per  cent  clinker.  Clinker 
in  both  tests  was  very  thick,  nonporous,  hard  to  break  up,  and  nearly  black  in  color. 
It  did  not  stick  to  grates. 

Test  495  on  briquets  from  test  194  *.  Burned  freely  with  short  flame,  and  hi^i. 
furnace  temperature;  without  breaking;  made  1.5  per  cent  black  smoke;  46  per  cent 
clinker;  ash  contained  unbumt,  fine  coal,  due  to  disintegration  of  briquets  during 
combustion.     (Sei^  p.  155. ) 

WA8HIN0  TESTS. 
Kansas  No.  2  B  (slack). 


TpM  191. 1  Test  191a. 


Duration  of  test hours. .  2 

Jig  adjustment: 

Make  or  number Special. 

Speed r.  p.  m..  70 

Stroke incheii..  2i 


3Ji 

:i 

Special,  ij 

70   ! 

2i;j 


Raw  coal tons. 

Washed  coal {j^V^^i.' 

»^^'"- {^ro^t: 


Test  191. 


23.00 

18.1 

79 

4.9 

21 


Test  191*. . 


39.  DC 
25. 2£ 

13.7-i 
3-i 


Analyses . 


Sample  teste<i. 


Haw  coal,  car  HHmpl(> 
Washed  coal: 

Test  191 

Tost  191a 

Kefiis** 


Lab. 
No. 


4410 
4.>1S 


K.Ol 


12.11 


Ash. 


,     Mois-  I 

ture.  Per 

I  cent.     I 

I  ' 


Per  cent 
reduc- 
tion. 


20.38 

8.88  ■ 
10.  K7 
7»i.f,0 


Sulphur. 


Per 
cent. 


Percent— 
'    reduc- 
tion. 


4.70  ' 

3.?2  ! 

3.80  , 
11.32 


Float  (ind  sink'  fculs. 


On  raw  coal  (prrliininurv" 
1 


On  refuse  (float  )<*  of  U'st  191 : 


IVrt'ontage  of 
float. 

Analyses. 

SlKHMfic 

gravity 

To 
refu.so.   ^ 

To 
total 
ample. 

Rink 

(per 

cent  1. 

Ash. 

Sulp 

Per 
cent. 

hur. 

tioii 

I'er 
cent. 

Per 
cent 
re<l  ac- 
tion. 

Per 
cent 
reduc- 
tion. 

1.41 
1.47 
i.:>«. 

74 

7s 

34 
21  i 
22 

4.48 
5. 31 

:..  73 

0.  18 

78 
74 
72 
70 

2.»i3 
2.7S 
3.19 
3.31 

4^ 

An 

l.;i.'. 
1.4(1 

<» 
10 
10 
10 

l.<»4 

2.  Hi 

2.  1(1 
2.  U, 

4.30 
.'i.04 
7..;j3 

2.58 
2.92 
3.o7 
3.81 

1.  44) 

^ 

L.Vi 

_ 

_ 

•I  Loss  of  goo<l  coal,  2.1i.  percent. 


T^is  Mf*.  lSS*f  199*  (raw  t?aci K—Siao  aa  used:  Over  J  incK,  LO  perceat;tV  ^^^^ 
to  I  inch,  4.8  pt*r  cent;  ^V  t^*^l*  t*J  "Af  ir*^^-  12.6  per  ctmt;  ^V  inch  to  j*jy  ineh^  23.6 
JR-rr*»Titi  through  ^^  iiirh,  58.0  por  ci*nt.  Briqui'tfl  shawi'd  the  aami.^  charartc'rislit's 
M  thsi«sL*  imifJo  fnim  washcnl  coal,  4*xr£*pt  that  Iht^y  won*  Imrdor  when  cold;  fmcLure 
haffifF  ami  njiighcr,  owing  tc*  high  ash  prf-Hent.  Fi>r  anal jisea  uf  briquf^La  **«;?  pagi'  153 
(lifiqut'tflfnHn  tc«t  183*t  tiDdi>r  '*8tt?amiTigte*t  487*"  from  teat  183*  under  *'Ste»miiig 
twtiSS*'), 

Tms  m*,  JBS,  eos^,  i04*  {umh^d  MflciK— SiijH.'  os  used:  Ovt^r  \  inch,  0.8  per  cent; 
iViiii'h  tu  i  inch,  4.S  pttr  cent;  -^^  ^^*^1^  *^^  iSf  inch,  12 A)  por  cent;  :j^  inch  to  ^^^j  inch, 
21. i  pnr  n-nt;  thjrough  ^^'^  inch,  60.4  ptir  ct^ut,  Satiafact*:>ry  English  hritjui^ia  w**re 
Wide  with  7  p<*r  cent  binder  and  Reiifrtiw  briqucta  with  S  and  9  pt^r  cent  hindcT;  there 
Mnf  no  apparent  diffenmcf^  in  tbesi^  two  kinda.  All  had  anuKJth  outer  Hurfacf,  were 
Wvll  miildiHl,  with  rfharp  i-dgcs,  el  ♦■an,  mugh  fracture,  and  did  not  break  in  handling 
wliili.'  warm*  Xitvj  lYn^  briquets  btH-amt^  t*ohl  thijse  with  9  p<T  cent  binder  ahowed 
™  t'ffc^c't  of  abraisifvn  than  thoiM^  with  8  pt-r  cent  bindtT.  Renfnjw  briquelfl  a^howed 
•ii^fieieiicy  of  j^ntsur^.  For  analjTSf'H  at  l^riqueta  m^e  page  153  (Ihoet^fmm  tt^t  llM* 
Under  ■*8t<i3iming  t4«t  495 ''), 


^*oUll»  of  mmofiicturet 

MjichliM?  uaed. *, .^>..,« 

Yi«in»r»turH  of  brfqueta , . . , , .."  F. 

,  BLMAT— 

Ktod.. ....._..... 

'  L&boratory  Ko.  [mso  p,  #0), 

Amount... >^..... ......... pel  ft?tit. 

Wili^t  of— 

Fui?l  briquet  ted . .  * ,  *  ^.. , , . .  ^poundfl . 

Bfiuypt-^r  tt vtTagv . , .do. , . 

IIt*t  Vidiic  pt*r  potinil — 

Fiiel  u  wwetTiMl... .— ..B.  tn  u. 

Fuel  AJ  ftjBd*,,.-.* ,,^,„ilo... 

'^^  Biadipr. , , _.-dt>... 

*>™  tMl  (l-liM?li  screen): 

l***ied,.., ....„ do,,. 

^^imbtertMt  (l^nchacimn): 

Held ,- do... 

PMOBd  (flllBil),  _..,., ,,,,*,... -.-.do,., 

^^    Flaia through  lt>-Ei]csh «li*v« do... 

^^tuaMrtng  tut : 

miw  flxposBd.  ^  ^ ............... . .  .daya. 

.^^  ConiJltlon ,„,,., 

*»'»ler  ^bflOTfytton: 

In  19  dayi ,_peroeat. 

In  13  liAfu . .  4 do. . . 

^      Avvraji^  fnr  Qr^t  4  dup ...do... 

**li«Sflic  gr»Flty  (apparent) . ....... .^. , .... , 


Tmm  raw  alaefc. 


I82*t- 


=?£ 


'      3.05 

11,041 

I 

I       14. » 

I 

12 
B. 

I      9.3 

!"i:is" 


Teat 
li»*. 


R«nt, 

4543 

7 

40,000 
0.4«2 

l<},t^ 
11,22L 

613.0 
31.0 


T&Jt 
109*, 


OLD  ' 

»4,7| 


Kent. 

110 


os.ooo 

10. 6W 
11, 7U^ 
16,637 

11.5 
07*  S 


13,  e 


1.9& 
L170 


12.4 

I    2.33 

1.143 


Fntta  wafhod  nlmck. 


Ti?«tt 
1»4*. 


4&S 

7 

12.000 
lil.243 


§4.0 

mi 

BO.g 

ma 

S7.2 

4 

A* 


S.7 

Las 

1.123 


LOS. 


Tost 
303*. 


aw*. 


'^ 


1« 


'■fis-rM 


lie 


W.frl 


24, OOP  I  m.tm     'M,im 

3.fil       0,441  '      0,417 


1^,241 
16.637 

81,4 

IS.  4 

AS.  II 
14.0 

7Cfl 

A. 


0.7 
I.IOS 


i;^243  13.243 
l\im  13,104 
lrt,a37       lfl,637 


^0 
H.7 


13.6 
1.044 


47.5 
19.5 


13.  ff 

2.33 


Extraction  analyses. 


BniioetB, 

Pitehf^'9.             FupL 

Te«t 

4374 
7.00 

7.13 

TftBt 

laa*. 

!»*.,  1^4*.  1  m. 

Ti*«tlTeit 
203*.  J3M*. 

l^brtmlory  No 

4S4a  [    «^    43^1 
1    .        rtjitt 

4£IS 

8.30 

4380 
a.  Oft, 

0.90 
fl.7S 

du3a 

4433     4AflA 

4AS4 

4e&a 

Afer^nlmj  loss. , . . 

trtrattcHJ  bv  CSj; 

Air«<irled     .. 

,pBr  oeiit 

«.^! 

do.,.. 

do.... 

0  FMSlinMlr 

, .    ..... J^  .fio 

7,14  1 

AbA  la  bflaueta  ■ 

pr  1»nit . . ,    ,,,,., 

90.  W 

m,u     .47 

4.70  i'  ».aa 

7.()s    7.sa 

i             ^ 

\      \ 
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KANSAS  NO.  6. 

Bituminoiis  coal  from  Jewett,  Linn  County,  on  the  Missouri 
Pacific  Railroad,  was  designated  Kansas  No.  6.  The  coal,  as  worked 
at  a  depth  of  88  feet  at  this  place,  averages  2  feet  10  inches  in 
thickness. 

This  sample,  shipped  under  the  supervision  of  W.  J.  Von  Borries, 
consisted  of  limip  coal  over  a  IJ-inch  bar  screen  and  was  used  in 
making  steaming  tests  311  and  323;  producer-gas  test  iDl;  'wasliing 
test  148;  coking  tests  113  (raw)  and  115  (washed);  and  cupola  t^est 
122  (washed  coal). 

Two   mine  samples  were   taken  for  chemical   analysis.     Sample 
2790  was  cut  2,000  feet  northeast  of  the  shaft,  where  the  coal  meas- 
ured 2  feet  10  inches  in  thickness.     Sample  2791  was  cut  1 ,200  feet 
northwest  of  the  bottom  of  the  shaft,  where  the  coal  measured  2  feet:. 
3  inches  in  thickness. 

CHEMICAL  ANALYSES. 

KanHas  No.  6. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygon 

Ash 

Sulphur 

Calorific  value  (as  received): 

Deterrained 


Mine  samples. 


Car 
sample. 


2790 
9.20 

11.13 
28.83 
47.44 
12.00 
2.41 


Calculated  from  ultimate*  analysis. . 


/calories. 
■JB.  t.  u.. 
/calories . 


0,233 
11.219 


2791  I 
7.60  I 

10. 12  , 
30.25  ! 
46.82  I 
12.81 
2.m  , 


Steaming  tests.^ 


2843  I 
7. 10  ' 

9.04 
20.69 
45.55 
15. 72 

3.72 

5.01  I 
60.99 

1.06 
13.50 


•  I 


\B.  t. 


6,190 
11.142 

6,166 
11,081 


311. 


8.28  i 
30.33 
45.86 
15.53 

3.42  I 

4.45  I 
67.64  , 

1.18  ' 

6.07  I 
16.93 

3.73  I 


323. 


11- 
30- 
47- 


«il 
4.') 


.  78 

an 

.  % 

.  52 


11- 


a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

STEAMING  TESTS. 

Kansas  No.  (>  (luni])). 


Tt^tSll.'gJf;'). 


Size  as  ustni : 

Over  1  inch per  cent. . 

i  inch  to  1  inch do 

i  inch  to. i. inch do  — 

Under  {  inch do 

Duration  of  test hours. . 

Heating  value  of  coal B.  t.  u .  i>er  pound  dry  coal. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperature "F.. 

Dry  coal  used  per  square  foot  of  grate  surface  p«'r  hour pounds. . 


42.8 

38.7 

21.4 

25.3 

13.7 

17.' 

22.1 

18.3 

9.98    : 

::» 

12,343 

13.135 

0.58 

0.S2 

.13  i 

.15 

2,313 

2.670 

18.62 ; 

22.34 

TES-XS KANSAS, 

STEAJIIHG  TESTS— Continue. 
Kaniittsi  No.  0  (lump). 
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'TeslSll. 


Ttaft 
323  (w.) 


l^|Ul?mleiit  WAtn*  flVApcmted  per  HqiaiLre  loot  of  WAtra^^he^tliiK  surEuoe  ymr  hour, 

JWd^..... ,„,. „,, 

^vimljigp  of  mtod  boruppower  of  boikr  deTeloped . .  * , . 

Wa^r  ftppHn^ntlr  eviipor»t€sd  per  pound  of  coal  w^  fired. -'.-.*..-..,.. «pcnuMla. 
witer  ii?ftjK>ratwi  from  and  Ht  212'  P.: 

tVir  puuiid  olci^  a#i  flned,,, ,.. ..._-_-,--- ... ^.....*. ,..do^-^ 

Per  jM:nmd  of  dry  eorU.. ,.._.._.,,  ^  ....->_,,. **v_. -,__,, do„^ 

Per  pH>atK?  of  conibupMbie. , ,  .^  „,..^>^....^.p*^,«.,,^,«p..i,^,,«..^>^p......^do*., 

Effidii'wv  of  iMiiU'r,  hicludiiiK  f^-ate ^. ^ «,«.«.. ........«*.<.,p«r cent > 

Pter  tndicatc^i  horeflpowcr  hour. ,-,..,.„ ,,,_*,*,. _  .poundi. 

Per  ejfictrlciiJ  honiepower  hour,  -  * , ......._*-... _do. ,. 

Pier  ludiaAtfld  liofwpower  hour. ^ ^.^.,- , . ^,. . . ....  .do, . . 

PwdectrteftlhOf*e?powerboiir ..,_..._.»*.., ..,..-... do-.. 


3.99 

7.23 

7.8ft 

ei.as 

4.93 

4.43 


7.53 
8,  S3 

3L75 
4.M 

3.33 
4.10 


PEODUCEB-GAS  TEST. 


Kani^tt£«  No.  0  Hump). 

T<*|  J^/, — RL^e  as  need:  Over  1  int^h,  (yt  per  cent;  )  inch  tfl  1  inch,  17  per  cent; 
Httrh  to  J  inch,  9  per  cent;  under  j;  inch,  10  per  cent.  Dnration  of  test,  13|  honre. 
Av(s^ge  ekH:lrif^l  hoRtt  i)ower,  198. &.  Average  b,  t,  u.  gaa  per  cubic  foot,  156^. 
^^  coal  tired,  4,500  pounds. 


Cual  rowff^iHffl  in  pfodurrr  pr:e  harrrpow&r  hour  {ptmfidt} 

**er  ('|j>cirirtLi  fi(?fai'.pfjwi^rr 

i'onimf'reJiiUy  »iVii(lJiblp.,,..,<^,..,....-.,^..-. ,^^.-,.. 

*V  bmkii  JionwyxiwiT: 

Qo/imaeTvMMy  n VMiliil>k>,»^,, ♦*_„»-,,.., -,,,^,„., ,,,,..,,^t" 
Dtnlopc^i  ai  oiiglnp.  ..,**,..***, ,*..,......., ..,.. 

Equivttlfnt  used  hf  pTGd^cer  plant  Cjwllffdf). 

Comnw-rciaUy  a vtiiUblu „ w . , .,., . .,**,„,.,,.».. 

^^    i3«»TeJoped  dt  iwitctilioiird . .  ^  ^ __ , •* .  *  **** 

*^  b^iJcf^  nors#?r"wtr: 

OeiiwiMrti»lfrftTftU*bJi«,,.  „,,..,-.... 

Dttioped at  engl tie... >,.,.,. ........,, 


L73 
1.6ft 


1,17 


LSI 
L7« 


L« 


1.33 
1.27 


I.M 

um 


1.41 


1.33 
1.37 


i.l3 
1.03 


1.41 


L3D 


Analyses. 


Coal. 


JfolstopR , 9. 85 

Volatile  matter „ :».  19 

fixed  carbon 46. 68 

Ash 13.28 

*Hilphur 3.04 


Oa^  by  roiume. 


Carbon  dioxide  (C0«) 8. 2 

Carbon  monoxide  (CO) 21. 0 

Hydrogen  (Hi) 12. 7 

Methane  (CH^) 2. 1 

Nitrogen  (Nt) 55. 4 

Ethylene  (CH^) 6 


WASHINO  AND  COKING  TESTS. 

Kansas  No.  6  (lump). 

Washing  test  148. — Size  as  used,  crushed  to  2-inch.     Jig  used,  Stewart. 
^,000  pounds;  washed,  22,000  pounds;  refuse,  2,000  pounds. 


Raw  coal, 
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Coking  tests. 


Size  as  used 

Duration  of  test hours. . 

Coal  charged pounds. . 

Coke  produced Lf^nC 

B™e»  produced .-fe«ni;: 

Total  yield do . . . 


Test  113 

T€ 

(raw). 

( 

f.c. 

47 

10,000 

6.443 

54.43 

341 

3.41 

57.84 

Remarks. — Test  113:  Light-gray  color;  strong,  hoavy  cxjke;  ash  and.  sulphur 
Test  115:  Light  gray  and  silvery;  strong,  heavy  coke;  ash  and  sulphur  reduce 
washing  (compare  test  113),  but  still  high. 

Analyses. 


Moisture 

Volatile  matter. 

Fixed  carbon 

Ash 

Sulphur 


Washing  test  148. 


Raw  coal. 


9.04 
29.00 
45.55 
15.72 

3.72 


Washed 
coal. 


12.63 


10.16 
2.47 


Coking  test  113.        Coking  test 
Coke,    j     Coal 


Coal. 


8.58 
30.27 
45.02 
15.23 

3.47 


C 






1.01 

12.29 

.64 

30.30 

75.07 

47.21 

23.28 

10.20 

3.45 

2.63 

I 


Cupola  tist  of  coke  made  from  Kansas  No.  6  coal  {washed). 
CHARGE. 


Cupola 
test 


Coke,  a 


Fluid- 


Divisions  of  charge. 


%o      I    Test    'Sp^x^ific    Ratio      ^i^^p 
^o.     .    Ur''    I  grav-    iron  to      fuu. 
I    ity.       coke. 


Materials. 


_L 


I 


Ptr  ct.  I 

l(Cok.'.... 

07.22  <  rip  iron - 

IScnip. . . 

I 


Lbs.  Lbs.  Lbs.    .  Lbs.  Lbs. 

18()  I  63  63  I  62  62 

r.40  428  428  I  427  427 

ISO  143  143  I  142  142 


Blast  j)r«'.ssun' 
Cupola 
test 
No.  On  at 


Maxi- 


Iron 
nin- 


REC(MU)  OF  MELT. 


Woight  of  iron. 


Molting. 


'  Ri>co' 


A.ldi 


Uat<»    Ratio 


I. 


Vi'w      i'onH'il.   tioiial  I  Total.    I'inio.      ix»r     iron  toi  Loss.  ,  Iron, 


melUMl 


hour.    coko. 


rJ2  '.  8.57  a.  III. 


I    Oz.^ 


Lh.s. 
i.4r»s 


A/>.v.        Lh.'<.      Mill.  I    Lh.f. 
2  U)     1 ,  r.os 


\Pertt.   Lbs. 
;n  ,  :<.0S7       5.70  '     6.80  |l.0(»8 


L.VDLK  ItKCORT). 


Ladle  No. 


Pounds. 


133 
111 
102 

83 
100 

98  j 
89  I 
103 
80 


Tiino 
(a.m.;. 


9.1(1 
9.  U\ 


10. 

11. 

12. 

9.20  13. 

9.2*2  14. 

9.22\  15. 

9.2.3  lf». 

9.23i  17. 
9.21 


Ladle  No. 


Pounds. 

80 
99 

82 
61  , 
75 
71  ' 
47  , 
54  I 


Til 
(a.i 


a  Sulphur  in  ash,  0.02  jwr  cent. 


TESTS — KENTUCKY.  169 


KENTtTCKY. 
KENTUCKY    NO.  3,a 


4 


Coke  breeze  from  Earlini^on,  Hopkins  County,  on  the  LouisviUe 
ant!  Nashville  Railroad,  was  designfttecl  Kentucky  No*  2  B*  A 
sample  shipped  uninspected  was  u^ed  in  washing  test  143,  in  hriquet- 
ting  test  102,  and  mLxed  with  Illinois  No*  20  in  briquetting  tests  103 
and  104  (p.  88). 

WASHUfO  TEST. 


Kentucky  Nu.  2  H  (cuki^  bn  c^ssc). 


J 


Tm  US. — Jig  uaiHl,  8tt'wiin.     A»h:  Raw,   4y*3Q  pvr  ueul;  waahed^  iJti JD  percent., 
riedtiction,  44  per  <"eni. 


BRIftlTETTTNG  TEST- 
Kentucky  Nu.  3  B  (eoke1>ra€ze)i. 


J 


VtMt  lOS. — Slaft  a8  uaed:  Over  f  inch,  10.25  ptrrent;  iV  wx<^^  *^  i  ijich^  31  per 
c?<*nt;  5^^  inch  to  I'l^  inch,  IS.75  per  cent;  ^^  inch  to  ^\  inch,  18. &»^  per  cent;  through  iV 
^^cbf  2L45  per  cent.  Machine  u»ecl,  EnglL'^h;  temperature  of  briqvicts,  179.*)"  F. 
«inderr  Kind,  c.  t.  p.  and  w,  g*  p.;  amonnlT  6  and  7  ppr  cent.  Weight  of  fuel 
l*riqii*?tted,  50,000  pounds,  M 

Briquets  wert"  sail  when  hot^  but  on  cooling  were  hard  enongh  to  handle  satisfaeto*' 
^ily.  Various  tnixtnrct*  made  no  apparent  ditlerence.  All  hrtqiiets  showed  coarae 
•^tmcturc  and  were  easily  fmct tired*  Attempted  Ijoiler  leftts  were  discontinued  owing 
•-CI  difficuily  in  rnaint£iiiiing  stt^rn*  Btxiken  briquets  burufd  belter  than  wliole  ones* 
^or  pitch  analysee  see  page  40  (Nos.  2729,  2735,  and  2748).  AH  these  briquets  were 
^^nt  to  the  Big  Four  Railway  for  preliminary  locomotive  test.  The  results  were 
t^jiaatisfactory. 

KENTUCKY  NO.  8. 

Bituminous  coal  from  bed  No.  1  B,  or  **Bell-coar'  bed,  at  Stui^es, 
Xjnion  County,  on  the  Illinois  Central  Railroad,  was  designated 
Kentucky  No.  8.  The  coal,  as  worked  at  a  depth  of  40  feet  at  this 
t^lace,  averages  2  feet  8  inches  in  thickness. 

One  sample,  shipped  under  the  supervision  of  F.  B.  Tough,  con- 
sisted of  run-of-mine  coal,  and  was  used  in  steaming  tests  434  and  443; 
<^oking  tests  164  and  165;  and  cupola  tests  147,  155,  and  156. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3678 
Was  taken  100  feet  north  of  the  opening,  where  the  coal  measured  2 
teet  7J  inches  in  thickness.  Sample  3679  was  taken  60  feet  north  of 
the  opening,  where  the  coal  measured  2  feet  9i  inches  in  thickness. 

•For  results  of  earlier  tests  of  Kentucky  No.  2  coal,  see  Bull.  U.  S.  Geol.  Survey  No.  261,  1905,  pp. 
«,81, 150;  and  Prot  Paper  U.  S.  Gool.  Survey  No.  48, 1906,  pp.  91, 232, 649, 1348, 1444. 
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CHEMICAL  ANALYSES. 

Kentucky  No.  8. 


ICine  samples.     l^^^JJ™" 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon — 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

^jr.";. 


3678 
&10 

7.46 
90.60 
67.25 

4.60 

.ir7 


3679 
6.70 

8.00 

30.10 

56.65 

5.16 

1.07 


Sulphur 

CaloriAc  value  determined  (as  received) . . {^^'^u®  "  i      J' ^  , 


T 


3860 
3.20 

&« 

30.90 

6&63 

7.92 

1.18 

&07 
72.50 

1.19 
12.05 


7,355 
13,239 


Steaming  te 
434. 


5i76 

30.36 

56.21 

7.67 

1.28 

4.72 
76.87 
1.26 
7.65 
8.14 
1.36 


a  Proximate  analysis  of  fuel  as  fllied;  ultimate  analysis  of  dry  fuel  figured  from  cax  <M^wipig 

8TEAMIN0  TESTS. 

Kentucky  No.  8. 


Size  as  used: 

Over  1  Inch per  cent. 

i  inch  to  1  inch do. . . 

{ inch  to  i  inch do. . . 

Under  i  inch do. . . 

Average  diameter inch. 

Duration  of  test hours. 

Heating  value  of  coal B.  t.  u.  per  pound  dry  coal. 

Force  of  draft: 

Under  stack  damper inch  water. 

Abovo  fire do. . . 

Furnace  temperature °  ¥.. 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heati  ng  surface  per  hour, 

pounds 

I'pre<mtag(<  of  rate<i  horsepower  of  boiler  developed 

Wttt<'r  appamntly  evaporated  per  pound  of  coal  as  flred pounds. 

Wator  evaporated  from  and  at  212*  F.: 

Tor  poinnl  of  coal  as  fired do... 

I'er  pound  of  dry  coal do. . . 

IVr  pound  of  combustible do. . . 

Efflciencv  of  i)oilor,  including  grate per  cent. . 

Coal  as  flred: 

I'er  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do... 

Dry  coal: 

Per  indicated  horsepower  hour dp... 

Per  electrical  horsepower  hour do... 


Test  434.   Te 


29.9 
23.4 
1&6 
31.1 
0.77 
9.1 
14,026 

0.66 
.05 


3.57 
100.0 
7.35 

8.56 
9.08 
10. 12 
62.52 

3.30 
4.08 

3.11  ' 
3.84  , 


COKING  TESTS. 

Ktmturky  No.  8. 


I 


Tost  164.    Te 


Sire  as  shipped !  r.  o.  m. 

Size  as  used '  f .  c. 

Duration  of  test hours. .  I  49 

CoBl  charped pounds. . '  12. 450 

oo^op'o^^ {povtni::!  h^ 

Bree«,p«>duced {PS^nV.:  j'S 

Total  yield do. . . .  60. 81 


TESTS— KE^^TUCKY. 

HmoFh.^Twi  1G4:  Gray  color,  with  ^  little  silvery  deposit  of  carbon;  hreakag© 
JS^^,  ppfukr-sijted  piece*;  toll  struct iirtf  larjge.  Teel  1^5:  Gray  ct^lor,  with  a  little 
silvtiy  dep€j¥fit  of  carbon;  breakage  grKKl,  taz^ge  pieces  of  regular  eixe;  c^li  structure 
la/^^.  Soi«e  iruprovement  over  te«t  164;  yield  some  what  higher,  with  increaae  in 
a^h  wici  siilphur. 

Analy*es. 


1^9tt«4. 

T*iJt  165. 

DoaL 

Cokfi, 

CoflL 

Cfilok 

Hoiitiji*.,  „__.„_. ,„,„. ...„.,„„.,. .J 

4.«7 

30.  g7 

7.50 

i.2i 

0.50 

S7.W 
10.  §0 

30.35 
55.49 

0.17 

Volitilii  mil  tur  *..,...., ,. —^.. _.._*, ..,..._„,„. 

*S0 

FiwtlmrJKm  ..., „...„ *._„....,.*„,.,.*.., 

m.iQ 

4ih  _ , -..._„,.„„,,„,; 

12,9^ 

fl^lphur. ..„,,. „...„,„. ,„„. , 

Lli 

Qipfila  ££8^.9  of  eokt  madtfimn  Kpntuchy  JVo.  S  coal. 
CHARGE. 


C<jJW, 


ISA 


Kt^, 


TyT" 


jmn  In 


Fluid- 
tftrln 

full. 


Uatitrlali. 


97,23 


fCote, 

Fie  Iron.... 

Cokft 

Piglroa... 

Coke 

Pigl7«n,.,, 


DlvlxlodUi  of  ctiai^. 


^10 
§10 


550  '        550 


73 

540 

M 


73 
540 

44 
550 


TotAL 


S7  57 

550  5JM) 

n  72 

MD  !  MO 

44  43 

660  530 


430        i 

500      ' 
9.000 


KECORD  OF  MELfT. 


Iraa 
ran- 

in— 

Wel^tofiroa. 

Melting, 

Reeov«j«4. 

t»t 
No. 

Onatr- 

mum. 

Poure<L 

Addi- 

tioa&l 
m«lted. 

Total. 

Time. 

Ratfl 
hoor. 

RHtta 

irm 
to 

COkB. 

Lo«. 

Iron. 

COIH-S 

!47 
IM 

3.30  p.m 

s.«>>m 

7 
7 

7 

11 

1,556 
2,101 
3pL34 

4oa 

m 

203 

3a 

3,7S1 

'3,8g7 

1,551 

£.53 
5.8S 

470 
5.D3 
&80 

flQO 

360 

71* 
83 

SILICON,  MANGANESE,  ETC. 

1 

Amount 

used 
(pounds). 

Silicon. 

Manganese. 

Sulphur. 

CupoU 
test 
No. 

Materials. 

Per 
cent. 

Pounds. 

Per 
cent. 

Poimds. 

Content 

of  coke 
com- 
bined 
with 
iron 

melted 
(per 

cent). 

Fig  iron 

2.12         41.53 

1.80  1       3,').26 
-10.12  j  -  6.27 

0.178 

.096 
-46.06 

3.487 

1.881 
-1.606 

0.59 

.067 

+.008 

.93 

.059 

.079 

+  .020 

.93 

.059 

.083 

+  .024 

.93 

1.1558 

1.3125 

+  .1567 

3.3666 

1.4526 

1.9450 

+  .4924 

3.9897 

1.3729 

1.9314 
+  .5585 

2.7993 

147 

Melted  iron: 
Amomit 

4.65 

Qain  or  loss.. 

Coke 

3(32 

Fig  iron 

2.  i2       .vi.  i9 

1.72         42.35 
-IS.S'i      -  9.84 

.178 

.123 
-30.90 

4.382 

3.028 
- 1 .  .^'U 

155 

Melted  iron: 
Amomit  ... 

12. 37 

Gain  or  loss. . 

Coke 

42*) 

fPlgiron 

2.12  !       49.33 

1.82         42.3.5 
-14.15  1-6.98 

.178         4.142 

.111         2.583 
-37.64       -1.559 

156 

Melted  Iron: 
Amount 

19.95 

Oainorloss.. 

Coke 

:30i 

I 

1 

1 

19698— Bull.  No.  332—08 U 
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Cupola  tests  of  coke  vi<idefrom  Kentucky  No,  8  coal — Contiuued. 
LADLE  RECORD. 


1 

Tc8t  147. 

Te«t  155. 

Test  156. 

Test  147. 

Test  155. 

Test  156. 

Ladle 

ac 

3D 

« 

Ladle 

i 

^ 

No. 

o 

Time 

a 

Time 

Time 

No. 

Time 

Time 

§ 

Time 
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RniMrkn. — Tests  117,  155.  15(1:  V'liX  iron  us<'<l  from  car  27(>33;  temperature  of  iron, 
medium. 

KKIST^UCKY  XO.  U. 

Bituminous  coal  from  bed  No.  9,  at  McHenry,  Ohio  County,  on  the 
Illinois  Central  Railroad,  was  desijj^ated  Kentucky  No.  9.  The  coal, 
as  mined  at  a  depth  of  50  feet  at  this  place,  averages  4  feet  6  inches  in 
thickness. 

Two  samples  were  shipfx^d  under  the  supervision  of  K.  M.  Way,  as 
follows:  Kentucky  No.  9  A  consisted  of  nut  coal  through  a  IJ-inch 
screen  and  over  a  }!-inch  screen,  and  was  used  in  washing  test  182, 
coking  test  1()7,  and  cupohi  tests  149,  102,  and  lihl.  Kentucky  No.  OB 
consisted  of  run-of-minc  coal,  and  wa.s  used  in  vsteaming  test  462. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3722 
was  taken  200  feet  north  of  th<»  shaft,  where  the  coal  measured  4  feet 
f)  inches  in  thickness.  Sample  3723  was  taken  550  feet  north  of  the 
shaft,  where  the  coal  measured  4  feet  o]  inches  in  thickness. 

CHEMICAL    ANALYSES. 

Kent  nek  V  No.  9. 


Mine  sjmii>h»s. 


Oirsam-  ,  Steaming 
I  ple(.V).     tC8t462.o 


Laboratory  No 

Air-<lryiiig  loss 

Proximate : 

Moisture 

Volat ih'  iiiattcr 

Fixed  earlioti 

Ash 

Sulphur 

I'ltimale: 

Hydrogen 

Carbon 

.Nitrogen 

Oxygen 

Ash 

Suli)hur 

Calorific  value  determinecl  (  hs  nveivod) . 


("calorics  . 
■  Ib.  t.u.. 


371>2 

10.  as 
:*).()♦) 

■16.24 
7.f)7 

2.  r»o 


12,076 


3723 
2.00 

«.89  ' 
35.70  I 
45.72  i 
8.69 
2.45  , 


6.626 
11,927 


3865 
3.50 

8.70 
35.00 
47.  a4 
8.96 
3.14 

5.61 
65.63 

1.20  i 
15.46  ' 

i 


6.710 
12,078  I 


8.01 
32.r»3 
49.28 
10.05 

2.9; 

4.83 
71.12 

1.45 

.V44 
10.9;< 

3.23 


a  Proximate  anAlysii  of  fuel  as  And:  ulthn^te  analysis  of  dry  fuel  figured  from  oar  sample. 


BTEAiaHO  TIBT. 
Kentucky  Xo.  l>  B. 


I  ifta'h  to  l  inth, ..-*.,-*, -,-,,,* >,.,,....-«, ..^*. ,.,,-._,,_.. _--,**--,.- ..4a.., 

J  inch  to  I  Itich*..,*.-,.*— .,-p., —  *,„,,•„„•, ,,,,„^4^,..«.^.*-.»..,,4*+*****»,,.,do„* 

I'tirltT  i  LrH'h. ..--.*...-... ^. -^. ...... ^,-.*»**»-„.i->.i.fc«,,,_*. 4, ,.,.*,»*,,,,,*,, do*,. 

Airen^  cliftiBel^r,. .,...-,„„, ^^ ,.,.,*..__.,„,-„..«-< ....iOdl. 

DamtLon  of  tesrt. . .. .,.  —  ,,...,.».„..,.„,,„,„ „*..,_.,...<.,...,-.»** himni. 

BeatiQit  ^iUuf>  of  ooaI  ,,,.«.... .>..*...,,.*. *,*..„_, ,.>.£.  1.  n.  p«rtimim1  rln^  f^cnU. 

Utidpr  9taQk  dnmp*r* . ,?.,.*....., ..,.,„*,,, ,,,,,, .*♦,.....  Amh  wnUt. 

Abov«  flfp .................,,,,.,.,.,..,,„ ..,...,.,,...,.,*„.*do,,. 

F*iifl»c«lCTnu€t»mrf..,.,,, -.,,.,..  — . , **„,,,  ;..,„*. .,.,*....,..*„,,,•>_ 

Df^  MM)  uoed  p4>r  squiLre  foot  of  ginti;  surface  p«r  lunir^  ,«.«,,* ^^. .  4^ , , , . . ,  ^piouilQd, 

Bfislviklaiit  wttt«r  eirftfioT4l^  p^r  squMtv  foot  orwittF^ttentlng  «iir1ftp«  per  Hour,*  „.,dO,.* 

Fwffwilagft  ol  mt«d  hor*H»w&f  of  h<  m  kr  «l(>vc|QpM| ...,.....: ..,-,- 

u»i]  ufpott[««flreil *,.,... .,. 


1l'«4«r  w<Lpf>rHlfNi  from  find  ikt  212^  F. 


.pouJida. 


pFf  pound  of  cntLl  lisi  |lr«<l.,,.,.  ...,«^,..p,%.*.,f  «.«4«.i. ,»«..,.».«»«. t«<„.*.^.^,yd0,-. 
I'ttf  pAtinit  of  dry  ooal ..... . . . ,  «#.*...«.  »...^»«. ..p^.^..^.^., .>._,>,. ^.^>»,^„.p,  .da. . . 

Pit  lmlkvt«4  horeepower  Iuiut,  , . .  ^.^  ..^>^................„.. ........ . ....,.,  .pMindK, 

]*ir  ileftheia  horticpfi^er iMmr . . . . ...^... ......... *.,.*......„, ., ^da. .. 

Per  tndicAiid  hor«p«w^r  bm*f .».*.»m*—  . i.p.j.4.i.« ...«4...«^.«*do.«* 

Per  rieeirical  hornepower  hou r. ....,, ^ .....,, , ..,, , ,, j,»...* ^...h. .^..,.. ...... dO. .* 


Tm|«% 


».J 

aiJ 

0.89 
ID 

0.70 
3.741 

ft.fiS 

Ml 


4.<I9 


WKBSmQ  AKH  COEme  TESTS. 
Kef  ducky  No,  &  A  (nut), 

HUtAin^  f<^«/  //?2f,— Jig  usidl,  Stewart.  Raw  ixml,  iU,l2ri  ixtumi»\  w&»^^*emX.  J5,6tt8 
[Mnii^li^.  ^  per  cetii;  refus*?,  3,427  fwjunfla,  i8  i>t*r  cent, 

f^okitv}  Int  /67.^Sizt"  as*  ufl<?d,  waahcNj.  rinnly  fTUwhi.^],  Ditralion  nf  lest,  51  liouni* 
iVjal  fhaf^l.  12,190  pnunda.  Coke  prtxiuccnL  r>,:ifiO  pmi»d«,  52. 17  per  n^nt,  Brec/^ 
pfTJtIuco*!,  309  poundfl.  2M  per  cent.  Total  yield,  54.71  per  ceot.  light  gray  and 
«ilveiy;  fiiityfinger<^  coke;  high  in  milphur;  good  coke. 

Arudijuet. 
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SsipbaT _.,,,........,,..,_...„' 
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Ctipola  tniM  o/cohe  madf/wm  KfTitudof  No.  9  A  coal  {^mfi^. 
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Cupola  tests  of  coke  vwdefrovi  Kentucky  No.  9  A  coal  (washed) — C.'Oiitinued. 
RECORD  OF  MELT. 


Cupola 
test 
No. 

Blast  pressure. 

Iron 

Weight  of  iron.        |                  Melting. 

On  at— 

Maxi- 
mum. 

run- 
ning 
in- 

Min. 
9 
10 
10 

Poured. 

Lbs. 
2,282 
2,161 
2,230 

Addi- 
tional   ToUi. 
melted. 

Time. 

Ratio  Ratio, 
per    iron  to  Loss, 
hour.    coke. 

Iron,  j  Coke. 

149 
162 
163 

'    0. 

3.08  p.  m 7 

10.45a.  m...i         7 
3.35  p.  m 1         7 

Lbs.    !  Lbs. 
228  i  2,510 
35(»  !  2,517 
123     2,353 

Min. 
28 
32 
42 

Lbs. 
6,378 
4,719 
3,361 

! 

]Perci. 

6.66  !    8.0 
7.70       5.47 
5.00       2.97 

Lbs.  Lbs. 
250          53 
319          48 
S58          29 

SILICON,  MANGANESE,  ETC. 


LADLE  KECORD. 


Test  149. 


Tost  U>2. 


Tost  Ui3. 


Liidio 
Xo. 


1 
2 
3 
4 

tt 

9 
10 
11 
12 
13 


Ladlo 


J.      I   Time     ,,         Tlino     ,,         Timo        No. 


:  (p.m.). 


(a.m.) 


fp.m.). 


90 
.50 

7.S 

m 

S8 
102 
US 

91 
100 
115 

79 

9H 


:j.  23 

3.235 
3.  ZT) 
3.  2.54 
3.  2<i 
3.  ■2s 
3.2Hi 
3. '29 
3.  31 
3  3li 
3  32 
3  33 
3  33  J 


S4 

lOo  , 

9(i 

SO 
101 

S9 

S2 

97 

K2 

.«3 

^<3 


11.00 
11.03 
11.03J| 

11.04  I 
11.07 
11. 07* 

11. 05  1 
11.09 
ll.ffiH 
11.11 
ll.lU 
11.12 
11.14 


114 
110 

\m 

30 
12S 

\n> 

97 
100 

91 

la; 

100 
100 


49 

.51  \ 
A  ' 
><5 

,.5.^1 

02  I 
02A! 

03  I 
07 
07i; 

OS  ; 
11  I 

Hi 


Lbs 


Tost  149. 
Time 


(p.m 


Tost  162. 
Lbs.    (I5?lil-'>'-    a>.n,:. 


KX) 
S3 

9<i 
110 

S3 
104 
102 

7S 

97 

97 

07 

S5  I 


Rrnuirh.     Tc-'t   110:  Pi^  iron  used  from  car  27(yX^.     Iron  hot.     Tests  162  and  163: 
Pig  iron  uslhI  from  car  131943.     Tompcraturo  of  iron,  medium. 


TESTS— M  AH  YLAND 


MARYLAND. 

Bituminous  coal  from  the  Big  vein  or  Pittsburg  bed  at  Frostburg, 
Allegany  County,  on  the  Baltimore  antl  Ohio  Railroad  waa  desig- 
iiattnl  Maryland  No,  2,  The  coal,  as  worked  froin  the  tmterop  at  this 
phice,  averages  8  feet  10  inches  in  thickness. 

One  sample,  shipped  imder  the  supervision  of  John  W.  Groves, 
con;5iLstecl  of  nin-of-mine  coal  and  was  useil  in  steaming  testa  400,  493 
(on  briquets) ,  and  518  (on  briquets) ,  and  briquetting  tests  191, 192, 193, 
and  23 If. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
4334  was  taken  6^600  feet  southwest  of  the  opening,  where  the  coal 
measured  9  feet  4  inches  in  thickness.  Sample  4335  was  taken  4,500 
feet  smooth  of  the  opening,  where  the  coal  measured  8  feet  3 J  inches 
in  thickness. 

CHEMICAL  ANALYSIS. 


Maryknd  No.  2. 

MlUfiUJiiplee. 

St^ftmlng  UtUA    1 

&l«&miag  teaUjt 

«Q. 

4fiS. 

fiii.  1 

m. 

«a. 

6I& 

I^bof&tory  No 

Fio3Elmji,t«: 

MwUiUTie.v 

VolAtllvmiLnfir. 

Aili 

4314 

ZOO 

IS.  23 

Ta09 
6.14 

J. SO 

2. 47 
18,17 
73.01V 

6.30 
,70 

4415 

47«7 

Ultimate  I 

■  Hydrogen 

Carbon,.,..... 

Ash 

4.44 

SLIS 
L48 
±71 

ass 

133 

si.fia 

1,79 
3.44 

M 

4,61 

2.3£ 
72,53 

a.ifi 

,76 

0.83 
Ul  ?l 

IIS 

4.  SI 
21^71 
l1fL&4 

I3l54 
.94 

m.2& 
1,64 

6,sa 

OS 

Sulpticir% . , . . . 

«  Proximate  analysis  of  fuel  as  Ared;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

STEAMINO  TESTS. 
Maryland  No.  2. 


Size  as  used: 

Over  1  inch per  cent. . 

tlnch  to  1  inch do 
inch  to  J  inch do 
nder  \  inch do 

Average  diameter inch. . 

Duration  of  test hours. . 

Heating  value  of  fuel B.  l.  u.  per  pound  drv  fuel. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface 

per  hour pounds. . 

Percentage  of  rated  horsepower  of  boiler  de veIopt»d 

Water  apparently  evaporated  per  pound  of  fuel  as  fired pounds. . 

Water  evaporated  from  and  at  212^  ¥.: 

Per  pound  of  fuel  as  fired do 

Per  pound  of  dry  fuel do 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate per  cent. . 

Fuel  aa  flnKl: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  fuel: 

Per  hidicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


est  400. 

Teat  483. 

17.4 

20.8 

20.2 

Seep.166. 

41.6 

.60 

9.63 

10.00 

J4,515 

14,576 

0.83 

0.85 

.22 

.21 

20.12 

21.13 

406 

4.32 

113.9 

121.2 

8.16 

7.87 

9.87 

9.52 

10.11 

10.22 

11.24 

11.35 

67.26 

67.71 

2.87 

2,97 

3.54 

3.67 

2.80 

2.77 

3.45 

3.42 

Seep.166. 

5.42 
14,717 

0.29 

.16 

22.81 

2.44 

68.4 
8.45 

10.25 
10.70 
12.23 
70.21 

2,76 
3.41 

2.64 
3.26 
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BEPOET  U.  S.  FUEL-TESTING  PLANT,  1906-7. 


Remarks. — ^Test  493  on  equal  weights  of  briquets  from  tests  191,  192,  and  193; 
518  on  briquets  from  test  231t;  grate  area  reduced  to  20.3  square  feet.  Square  bri 
were  fired  whole,  burned  freely,  with  intense  heat,  and  no  smoke.  Bed  more  un: 
with  round  briquets  and  temperature  higher;  no  smoke.  Square  briquets  mat 
per  cent  clinker;  round  briquets  made  47  per  cent  clinker. 

BSIQUETTINO  TESTS. 

Maryland  No.  2  (run  of  mine). 

Tests  191  y  19S,  IBS,  2S1^.— Size  as  used:  Over  J  inch,  2.2  per  cent;  ^  inch  to  \ 
9.8  per  cent;  2V  i^^^^  to  T^i^^hj  20  percent;  ^^^  inch  to  j^j  inch,  28.2  percent;  thi 
^  inch,  33.8  per  cent.  Various  proportions  of  binder  (5,  6,  and  7  per  cent) 
equally  good  briquets  on  English  machine.  Briquet  surfaces  were  smooth,  firm, 
characteristic  glossy  fracture,  and  sharp  edges.  Renfrow  briquets  were  8atisfa< 
but  owing  to  faulty  operation  in  heater  best  rt»sults  were  not  obtained.  Exct 
briquets  can  b(»  made  from  this  coal  with  5  per  cent  of  binder.  For  analyses  c 
quets  see  page  165  (briquets  from  tc»8t  191,  192,  and  193  under  ''Steaming  t<*3t 
fiom  test  231t  under  '*  Steaming  te^t  518  "). 


Test  191.    Test  192.   Test  193.  Te» 


Details  of  manufacture:  I 

Machine  used Eng. 

Temperature  of  briquets "F. .  1&5 

Binder—  I 

Kind w.  g.  p. 

Laboratory  No.  (see  p.  40) 46© 

Amount per  cent. .  5 

Weight  of—  I 

Fuel  briquetted pounds. .  4,000 

Briauets,  average do 3. 36 

neat  value  per  pound- 
Fuel  as  received B.  t.  u..  14,162 

Fuel  as  flred do. . . .  13,581 

Binder do....  16,969 

Drop  test  (1-inch  screen)  : 

Held percent. .  75.9 

Passed do 21 . 1 

Tumbler  test  (1-inch  scn'ien): 

Held do....  74.0 

Passed  (fines) ? do ... .  26. 0 

Fines  through  10-niesh  sieve do 75. 6 

Weathering  test:  | 

Time  exposed days. .  5 

Condition ' A. 

Water  absorption:  j 

In  19  days per  cent . .  I  11.9 

Average  for  first  4  days do 1.  45 

Sp«X!ific  gravity  (apparent) 1. 118 


6 

4,000 
3.32 

14,162  ; 
13,581  I 
16,969 

79.3  i 
20.7 

78.2 
21.8  ' 
77.8 

5 
A. 


15.6 

10.5 

1.85 

1.30 

1.076 

1.143 

7 

4,000 
3.47 

14,162 
13,581 
16,960 

82.5 
17.5 

80.2 ; 

19.8  I 
63.0 


Extraction  analyses. 


Lal)oratory  No 

Air-drying  los.s per  cent. 

Extracted  bvCSj: 

Air-dried do. . . 

As  received do . . . 

Pitch  in  briquets  as  received do. . . 


Fuel. 


4806  I 


Briqueti 


MIHSOUUr  NU,  5. 


Bituminous  coal  from  Higbce,  Randolph  County,  on  the  Chie^o 
and  Alton  Railroad,  wa^i  designated  MLssouri  No,  5.  Tlie  coal,  as 
workini  tit  a  deptli  of  170  foot  at  thL^  place,  averages  ^  feet  10  inches 
In  thickne.^. 

This  sam])le,  shipped  under  the  supervision  of  John  W*  Groves, 
consisted  of  nm-of-mine  coal  and  was  used  in  steaming  tests  310  and 
320,  washing  test  140,  coking  test  U(^  (washed  coal),  and  cupola  test 
123- 

Two  mine  samples  were  taken  for  chemical  analysis*  Sample  2795 
was  cut  3,400  feel  northwest  of  the  shaft,  where  the  coal  measured  3 
feet  10  inches  in  thickness.  Sample  2700  was  cut  5^000  north  of  the 
shafts  where  the  coal  measured  3  feet  10  inches  in  thickness. 


CHXXIGAL  AKUYB^S. 


MlB»«lltt>tei- 

C*r 

Sl«ttming  Usto 

"^ 

31B. 

33tk 

l^riKKAFaLtnl-v  Na 

.       ' 

34.17 

laoa 

41.2a 

2805 

13.fl2 

S7.  in 
IT,  80 

Air-<lxy*J3igki««_. ,_-*_.*,, —__.-,-, 

-^— ™-- 

'"*** 

11,37 

ai.ia 

3!».7« 

4« 

1,01 
7M 
17.7* 
&18 

12.24 

VoUtilBiiuklt^r.,,. 

Fised  c&rbon. ..,,.„_,.,.,. 

M.fifi 
«L  HI 
Iti,  11 

Sulpbur. . . . 

UJtJmAii^: 

Hydrogen ..., .-_._... 

Carbon                -  ,.^. 

"ZZ 

410 
lUk  13 

Nltrogpn.,..,.,..— ^-^... ......,,. 

LOO 

03ETIWII         .iL..^    >...*<.,    .    V                       ..      +* .--- 

7. 04 

Ai£*.!^:::::::::::::::::::::::::::::::::: 

i&;jtt 

SiUpbur. - 

«.07 

QftloHHc  Taluo  {aa  wvsdvuA}: 

rca3ori«i». 
-  B,  t.  u... 

11,094 

ItKMS 
tOpfiOl 

CiiJcuiAt^d  irom  tjtitiinaU!  anoiynU. 

---'  15»  t.ii._ 

1 

»  Proximate  analysis  of  fuol  as  firtid;  ultimate  analysis  of  dry  fuol  figured  from  car  sample. 


STEAMING  TESTS. 

Misw)uri  No.  5  (run  of  mine). 


^'»  u  u9Bd : 

Otw  I  Inch..... ... percent.. 

J  inch  to  1  liieh do 


M. 


Um^h  to  I  imih do 

I'ndfT  I  Inch* do 

[UfHioij  of  tMt „..--., hours.. 

'|"4tinp  vtxluff  of  PO»l , B.  t.  u.  per  pound  dry  coal. . 

'  ndf-r  stjftrfc  dampL? inch  water. . 

^■■■v.  fiivv        .  do 

{JjTiaoe  temperature °  F . . 

pT cool  used  per  square  foot  of  grate  surface  per  hour pounds. . 

'^Talent   water  evaporated   per  square  foot  of  water-heating   surface   per 
*tour pounds.. 


Test  319. 


23.5 
22.9 
19.3 
34.3 
9.63 
11,747 

0.61 

.22 

2,368 

18.64 

2.79  i 


Test  320. 


20.1 
21.0 
18.8 
40.1 
8.35 


0.73 
.34 


22.24 
3.38 
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BEPOET  U.   S.   FUEL-TESTING  PLANT,  1900-7. 


STEAimrO  TESTS— (Continued. 
Missouri  No.  5  (run  of  mine). 


Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. 

Water  evaporated  from  and  at  212*F: 

Per  pound  of  coal  as  fired do. . . 

Per  pound  of  dry  coal do. . . 

Per  pound  of  combustible do. . . 

Effidencv  of  boiler,  including  grate per  cent. 

Coalasf&ed: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour. .  .• do. . . 

Dry  coal: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . , 


Test  319.   Test  320. 


87.1 
A.  39 

&49 
7.49 
9.36 
61.67 

4.36 
5.38 

3.77 
4.66 


94.7 
5.54 

6.67 

7.60 

9.60 

62.90 

4.24 
5.24 

3.72 
4.59 


WASHINO  AND  COKINO  TESTS. 

Missouri  No.  5  (run  of  mine). 

Washing  test  149. — Size  as  used,  crushed  to  2-inch.  Jig  used,  Stewart.  Raw  coal, 
15,300  pounds;  washed  coal,  12,900  pounds;  refuse,  2,400  pounds. 

Coking  test  116. — Size  as  used,  washed,  finely  crushed.  Duration  of  tost,  33  hours. 
Coal  charged,  10,000  pounds.  Coke  produced,  4,903  pounds;  49.03  per  cent.  Breeze 
produced,  299  pounds;  2.99  per  cent.  Total  yield,  52.02  per  cent.  Light  gray  and 
silvery.  Washing  does  not  sufficiently  n»duce  ash  and  sulphur;  too  high  in  sulphur 
for  metallurgical  purposes. 

Analyses, 


Washing  test  149. 


Moisture 

Volatile  matter. 
Fixed  carbon  — 

Ash 

Sulphur 


Raw  coal. 


12.92 
33.  r>4 
39. 82 
13.62 
5.03 


Washed 
coal. 


13.93 


9.08 
3.G2 


Coking  test  116. 


Coal. 


13.68 

34.82 

42.26 

9.24 

3.60 


Coke. 


1.12 

.73 

82.64 

15.51 

3.40 


Cupola  test  of  coke  made  from  Missouri  No.  5  coal  (ivasfied). 
CHARGE. 


Coke. 


Fluid- 
ity 


Cupolai  — . — 

test    I    T,,.,.     Specific   Ratio  I    ^i'L   I    Materi 
No.    I    Ur    '  grav-  I  iron  to  I    ^},!!P   \ 
ity.       coke. 


Divisions  of  charge. 


So. 


full. 


I 


Total 


Prr  d.  Lbs. 

(Coke VM 

<J2.dCi  HMgiron 570 

[Scrjip 190 


Lbif.    ' 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

60 

60 

60 

60 

4;« 

420 

420 

420 

420 

2,250 

140 

140 

140 

140 

750 

RECORD  OF  MELT. 


Blast  pressure. 


Cupola 
No^    j      On  at--      ^  ^^^     Vl"^     Po,m»d 


Iron 
run- 


Weight  of  iron. 


Melting. 


.  Recovered. 


imum.     in- 


Oz. 
3.16  p.  m.  i         7 


Min.       Lbs. 
5  ,     1,964 


Addi- 
tional 
melted. 


Lbs. 
423 


Rate 
Total.  Tinio.      per 


hour. 


Ratio 

iron 

to 

coke. 


Lbs. 
2,387 


Min.     Lbs.  \ 

34  I  4,212       6.25 


Loss. 


I 
Iron.   Coke. 


Perct.  Lbs.    Lbs. 
9.06  ,    341  48 


Cupota  ioil  of  coke  modi  from  Mumtiri  No,  6  t^al  (uHi»hed) — Conttiiued. 
LADLE  MBCOUD. 


• 

T^esttsai 

Ladle  Nn. 

T€tftl21 

LjuUmNo. 

pound.. 

Time 

foiindji. 

Time 

L.. 

07 

a& 

SI 
M 
53 

m 

m 

91 
62 

3.29 
146i 

16 . ,  ^  . 

m 

70 

M 

m 
fa 

10 
4S 

m 
m 
m 

m 

1^40 

1.,. ..-..,„.„... 

IT » , 

AIT 

Jv. _... , 

IS, _.,„ 

4. .-^.-„, ,.,,,,-... 

tfi ,, ..,....,• 

Itt 

1,,  .„....-..,.,. 

ao.*,-^-^.,,,.w.,...,.i^... 

a,  5^ 

El"  I : ,  :,  :i:.."     . 

n.^..^       -.<,,!           4     4 

1., .,„„„ .„,.,.„ 

38 —„,,—.-.,,.,„„. 

SfiQ 

IM 

a  3^ 

IL-.....^. >...*«. 

ai_ ,,„, ^, 

ll..«..^.  ,-.* *-^—  * 

^    -        -  *        ,**,. 

IM 

13    -*    .*.. 

38 

156 

U..-— p. .„. 

»._._. , 

li.„.„ ,,.„.,.,„„. 

• 

Remarlt». — Test  123:  lemperature  of  iron,  medium. 
MISSOURI   NO.  6. 

Bituminous  coal  from  a  mine  1  mile  east  of  IIuntsYillc,  Randolpli 
County,  on  the  Wabash  HaUraacl,  was  designatad  Missouri  No.  6. 
The  coal  J  as  worked  at  a  depth  of  77  feet  at  this?  place  ^  averages  3  feet 
8  inches  in  thickne^.  This  sample^  shipped  under  the  supervision 
of  John  W,  Groves  J  consisted  of  lump  coal  over  a  6-iiich  bar  screen, 
and  was  used  in  making  steaming  tests  326  and  327.  This  sample 
wai*  also  allotted  to  l>e  used  in  washing  te^t  155,  but  the  ct)al  was 
burned  in  the  fire  at  the  plant* 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2817 
was  cut  900  feet  north  of  the  shafts  where  the  coal  measured  4  feet  in 
thickness.  Sample  2818  was  cut  4^000  feet  southwest  of  the  shafts 
where  the  coal  measured  3  feet  6  ixichey;  in  thickness. 

CHEKICAL   AHALYSSS. 


MiAHOuri 

No.  0. 

liiM  latRiileB. 

Steam)iigtw»t«.a 

33S. 

m. 

11.80 

14.01 
33.49 
42.21 
10.29 
5.23 

26ia 
8.60 

11.38 
37.10 
43.07 
8.45 
3.57 

2904 

n.m 

13.80 
34.29 
40.17 
11.74 
5.  GO 

5.48 

58.09 

.96 

18.13 

Air-<lrying  loss 

Proximate: 

Moisture 

Volatile  matter 

1173 
32.82 
39.96 
1149 
6.05 

4.44 

65.24 
1.08 
0.59 

15.64 
7.01 

12.93 
34. 21 

Fixed  carbon 

41.63 

Aah 

Sulphur 

ntimate: 

Hvdrwwn r 

11.23 
5.31 

4.65 

Carbon 

68.33 

Nitrogen 

1.13 

Oxygen 

6.89 

aS       :         :. :                  J 

12  90 

Sulphur --! 

6.10 

Calorillc  value  (aa  received) : 

Determined 

/calories. . 
IB.t.u... 
/calories. . 

0,128 
11,030 

5,998 
10,790 

5,926 
10,667 

Calculated  from  ultimate  analysis . 

•\B.t.u... 



«  Proximate  aoalyfis  of  Xuel  aa  flred;  ultimate  analysia  of  dry  fuel  figured  from  car  sample. 
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8TEAHIHG    TESTS. 

Missouri  No.  6  (lump). 


Test  326. 1  Test  327. 


Slzeaniued: 

Over  2  Inches per  cent. . 

2  inches  to  1)  inches do 

O  ver  1  inch do 

i  inch  to  1  i  Inches do 

J  inch  to  1  inch do 

♦  inch.to  i  inch do 

Under  J  inch do 

Duration  ol  test hours. . 

Heating  value  of  coal B.  t.  u.  p«»r  pound  dry  coal. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  ftre do 

Furnace  temperature 'F. . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour, 
pounds 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  flreti pounds. . 

Water  evaporateiid  from  and  at  212  *F.: 

Per  pound  of  coal  as  fired do 

Per  pound  of  dr>'  coal do 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate per  cent. . 

Coalasnred: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour , do 

->ry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


36.5 


19.2 


23.3     . 

16.6  ' 
23.6 
9.92 
12.155 

lie 
15.; 

10.09 
12.  fin 

a73 
.19  : 
2,476  , 
21.82 

O.ll 

Ai 

2.561 

3.47 
97.4 
5.71 

,10£ 
102.7 
5-7i 

&88 

7.98 

9.64 

63w40 

:.« 

9.38 

4.11 
5^08  . 

4.0t 
5.04 

3.54  1 
4.38 

3.5! 
4.31 

MISSOURI   NO.   7. 

Bituminous  coal  from  a  mine  one-half  mile  northwest  of  Novinger, 
Adair  County,  on  the  Quincy,  Omaha  and  Kansas  City  Railroad, 
w^as  designated  Missouri  No.  7.  The  coal,  as  worked  at  a  depth  oi 
88  feet  at  this  place,  averages  3  feet  in  thickness.  This  sample, 
shipped  under  the  supervision  of  W.  J.  Von  Borries,  consisted  of  twi 
lots  of  coal — No.  1  nut,  designated  Missouri  7  A,  used  in  steaming 
tests  329  and  330  and  washing  test  152,  and  No.  2  nut,  designatet: 
Missouri  No.  7  B,  used  in  steaming  test  332  and  washing  test  153 
This  sample  wtus  also  allotted  to  be  used  in  washing  test  154,  but  the 
coal  w^as  burned  in  the  fire  at  the  plant. 

TwH)  mine  samples  were  taken  for  chemical  analysis.  Sample  2823 
was  cut  1,700  feet  northeast  <)f  the  shaft,  where  the  coal  measured 
3  feet  3  inches  in  thickness.  Sample  2S24  was  cut  1,750  feet  south 
of  the  shaft,  where  the  coal  measured  3  feet  in  thickness. 


TE8TB — MISSOURI* 


3.71 


CHSKICAL    AIFALYBES, 

ILisaiiiri  Nik  7, 


Mine  laniplBi, 

C»rsiamp3«i* 

SliMmiiif  tentB.« 

A 

- 

No.  1 

ak«k. 

nut. 

B. 

m. 

m 

332. 

LttliOffttory  iiiiiiib^.  di,*^...  ^  * . . 

14  W 

17-10 

S405 

m4& 

X7tV 

12^4 

29S6 
liSQ 

1S.M 

.t&Ol 

IV.  JSl 
3.53 

«.44| 
21.41 

3942 
ai43 

404 
4141 

2L4D 

3907 

ma 

39.  Ul 
A4I3 

mia 

112 

.91 
3Lia 

\i  r*^  n'ii^iK  Jfias  ^  *  *-  ,-.---.- .... 

li^ni«tiiiTt 

" 

17,30 

aa.  u 

4[).XI 

10.  ai 

4  70 

1.30 
#.40 
lZ4fl 
5.&& 

17.74 

10.  SA 
3,24 

4  fie 

1.00 
9.4S 
12.5tt 

17  Tli 

;«.oo 

A*b  *...,. -,...^^ -— .- 

1(^  2& 

Sulphur......... 

-  -  .*._        

3.10 

Ultlnute: 

4NU 

C»rbon^     -r      /  *,^,*»,*,-.L*_ 

(17.07 

Nftrogeo .-  -- --  

i.ari 

Oxygen....,.,.,, 

fijM 

12  hII 

Sulphur ,, ..^-..^ 

3,MJ| 

C«lo  rtfkr  vii]ii£i  (lUifH 

5,0M 
9,(Kr7 
4«f>U 

4|57B 
»,34a 
4,fi07 

B.iia 

4,8m 
4*024 

emulated  from 

.f,,,,.. 

. ..».\B.  t.  U." 

t^Proziauito  tJuaXftin  of  fn*!  as  Qred;  iHUtnAW  Atmly^*  oi  dry  fm*!  flirted  from  car  eAmple. 
STEAMING    TESTS. 


Missouri  N^j 


(waffhed  nutV 


8Lie  iLB  iliipped , „  .... ,. ^,. 

Sll»  ft«  uwd: 

Over  1  ineli,».,, ,..,. „,.,.. ..„p«r  cent., 

tlnch  to  1  lnch>, ,..,-., ,...h,.^.^-^..,...^^_.^.^^.^.»* do 
incti  to  J  Inch.^.,,, _._..,.,. .,......._.. ^ ,.do,,*. 
Tndpr  i  Incb .^..^.....,......... do.... 

EhimtJon  of  uwt.  .,,,,**.....,,*,....,. ..,,,,  ,jKmr». . 

llfiuii lie  viilijc  of  coaI^  ,  ^ ........ . . «..  _ . . . .  B.  t.  u.  p«r  pound  dry  ecu] . . 

Foroe  of  draft: 

Under fftACk  diLmppr.,.. «.,,,. ,,,.,..,.» jEidi  wjtier.. 

AbOT«  ftre...„  — , , , .....„„.,, do,.,. 

In  Aih  pit  (forced  draft  ( .,_......-..........  .do ... . 

FamaM  teoiptmtare- , , , , , ,,.,„,  ."^F. . 

Dryootil  UiM.  p^r  sqiian^  foot  fit  ^mv&  iurtan'  pe-r  hour. ..... .pounds. . 

Eqnlval^ni  wAtertrviipamu^  pi^r  square  foot  of  wstar-tuutJng  9iirff»o« 

per  bour, ,,..,,. , , .,,,., „,,„,,_ .  .pounds. . 

P**rppniagp  of  TKied  horsepow**!  of  fioli<*r  developed. ...,..,.,,.... 

WatAff  appHt^ntly  I'vapomtwl  per  pound  of  coiiliu(tlii.^d pound*-. 

A'&larevdponited  from  and  at  ^12  'F.t 

Per  pound  of  coal  a$  flwd..... ,. ,..do_-.. 

Per  pound  of  dry  c«al ... ,._„,,.. , ,, » , .......... .do 

^r  pound  of  i^oiubtifitlhlH , „ , .  ,do 

EfiOtoncy  of  boiler.  Including  gr»te- . .... ..... p**r  cent. . 

COHlMUfTMl: 

Per  tndJcAted  horsopowpr  hour, .,.,....,, ,  ^ , .  h  .poundB. . 

Per  dectrteaJ  horsppowtir  hour. ..._..............  —  ...,...,.  .do . . . . 

Per  indloatod  bOT^powpr  hour. ,_„.  —  ....,,....  .d4>. . . . 

Fer«Jectrlc^honwpower  hour .... ,.— _^ «,.... ..do..., 


TevtaaOi.  1  TteJit38D.    Tevl  3S2. 


No.  L 

47.0 
21.  e 
14  « 

0.78 

I 

.14 


21.  oa 
3.  SI 

m4  ; 
&£» 

! 
a,  HI 
am 

§.33 

43a 
435  , 


N<^  1  I         No.  2 


«l3J 
23.2  1 
lAO  , 
15.fi  ' 

5l7S  I 
12,643  I 

0.71  i 
.13  '. 


2L4 
43.  a 
21.4 
13.  e 
B.  7i 
13,400 

0.71 


25.93 

4  m 

115^0 

s.^ 

7.02 

Olio 

434 

&3e 

157 
4  41 


2,«M 
^(Kl 

4tJS 

Bi2l>,4 

493 

104 
7.23 
IS,  30 

47t& 

3.02 
4M 


a  Test  made  for  maximum  capacity. 
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WASHING   TESTS. 

Missouri  No.  7  (nut). 


Teat  152  |  Test  153 
(A).      !      (B). 


Size  as  used , 

Jig  uaed 

Raw  coal pounds 

Washed  coal do. . 

Refuse , do. . 


No.  1 

Stewart. 

25,000 

21,470 

3,530 


No.  2 
Stewart 
23.500 
18,600 
4.900 


Analyses, — Test  152:  For  raw  coal  analyses  we  page  171  (sample  2936).  Washetl  coal: 
Moisture,  17.30;  ash,  9.45;  sulphur,  IV04.  Test  153:  For  raw  coal  analyses  see  page 
17]  (sample  2937).    Washed  coal:  Moisture,  19.70;  ash,  11.05;  sulphur,  3.07. 

MISSOURI  NO.  10. 

Bituminous  coal  from  the  Bevier  bed,  at  Bevier,  Macon  County, 
on  the  Chicago,  Burlington  and  Quincy  Railroad,  was  designated 
Missouri  No.  10.  The  coal,  as  worked  at  a  depth  of  124  feet  at 
this  place,  averages  4  feet  7  inches  in  tliickness. 

One  sample,  shipped  under  the  direction  of  K.  M.  Way,  consisted 
of  screenings  (through  a  J -inch  shaking  screen)  and  was  used  in 
steaming  test  486  (on  briquets)  and  briquetting  tests  178f,  179, 
241*,  245*,  and  246*. 

Two  mine  samples  w^ere  taken  for  chemical  analysis.  Sample 
4196  w^as  taken  400  feet  south  of  the  shaft,  where  the  coal  measured 
4  feet  3  inches  in  thickness.  Sample  4197  was  taken  2,500  feet  west 
of  shaft,  wiiere  the  coal  measured  o  feet  in  thickness. 

CHEMICAL  ANALYSES. 

Mis.s()uri  No.  10. 


Mine  sail  I  pies. 


Laboratory  No 4ll»(t 

Air-drying  loss s.  r.<) 

Proxiihate: 

Moistim? I.',.  JC) 

Volatile  matter X\.\n 

Fixed  carbon 42.  \'A 

Ash s.  7(1 

Sulphur 4  ;^7  I 

intimate: 

Hydrogen i . 

Ca  rbon ' . 

Nitrogen '. 

Oxygen \. 

Ash. 


Car  Stenm-I 
sam-  ing  te^t 
pie.        486.0 


4107  j 
S.  J<() 

1."..  41. 

;vj.  7(1 

40.  2_' 
11. HI 

:i.  7s 


4'2o7  I 
13.70  I 

I 

ir).23 

•J(i.  32 
37.  'C* 
2().  .V) 

xm 

I 

'iAY2  I 
4l».  41 
.S4 
20.  .^►4  , 


Sulphur 

Calorifie  value  determined  fcalories 
(as  rKreived) . \H.  t.  u. 


r),x70  I 
i().:>.s2 


9,(KK» 


4;«)2 

1.30  I 

4.51  I 
35.  ,53 
41.:i7 
18.  59 

3.110 

4.34 

64.29  ' 

.91 

f).91 
19.47 

4.08 


Briquetting  tests.l> 
ITSf.f  I    241*.    I    245*. 


4515 
9.40 

11.03 
32. 24 
38.67 
18.06 
3.72 


4898 


8.91 
31.81 
38.17 
21.11 

4.49 

4.16 

60.16 

.84 

6.73 
23.18 

4.93 


7.79 
31.46 
39.87 
20.88 

4.66 

4.12 

60.63 

.84 

6.  71 
22.65 

5.  a". 


246*. 


4908 


7.73 
32.  iS 
4(1.  i*5 
lK.tf 

4.53 

a* 

62.7^ 

.91 

6.70 

21).  41 

4.yi 


L_. 

'1  Proximate  analysi.s  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  oar  sample. 
t-  Proximate  analysis  of  fuel  as  reeeiv<'d;  ultimate  analysis  oil  dry  basis. 
c  No  ultimate  analysis  made. 


TESTS — ^MISSOUKI, 

ST£Aiaif&  TEST. 
Mifflouri  No.  IQ  (^briqueU). 
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T«it48a, 


k«. ..*... ..*,,*,.^ ,, ^ , .....botin. 

|Ml..,..A,..pp..»*i*^^.^.....,. *..,«lE.  t*  TLpflrpomuI  dry  fn«], 

dunpcr ...„....».,  JiusitL  wr«t«r. 

... .,.-..... , ...do... 

t  #quAnSi  tOQt  of  gnito  surfflML*  per  hour. ......... .^ ..._. . ,  .fKHuids, 

T flvapoTnt^J  [HT  ^t]i inn'  J^Mit  of  watt^r-htjaitGig  surfA^  per  boiir. ....  Aq.  . . 

tod  hOf»eiKm<'r^*i:  ►hmN  r  J'^voJoihhJ.  .......... .......,,,,„ , 

y  eVijipontt<ej3  rur  im m j  1*^  1  ul  (utl  HA flreij ,,..,.,„._ _ . pouoda. 

■d  from  and  at  2V2*  l\i 

f  flltfl  AS  fiml..... ,., , ..d<>... 

fdry  ftiel.,. .,.,...».,-....,......,,.....,..., ..,.„,.„..,»..,*do,,, 

I  combustf  till? .,*,..,,-,.,„..._,.„,_, ,,. - -.,_-. ...do... 

er,  iDTluding grate. . .-.^.. ._.,,.» -. .ppdFOsrk 

I  bonepoviref  houT.,,.,,..... ^,...... ...... ^.,.....,,,, .poaod«. 

;  bOEMpowerhoar......... .,..,^..,^... »..,,... .^...^.^..••.^••p^Ci..' 

L  hornppow(*r  hour..-..,^*^-.^!-,^ ,-_._i. ..,,,,.. ....,.^,.,,.,,*.k<lo.t. 


3.38 
02.0 

5.  as 

4.4S 
&S4 


Teat  mad^  on  briqueta  from  te#ti  178f  and  179.  Th*«(?  hamwl  freely, 
utf*  of  co[D}iU**lion  df"rr««iod  a^  asb  fomieil  on  the  surfa*  t\  particrilarlj^ 
i  briqui^ts,  where  the  aah  could  Bol  be  Kepamled  from  the  briquet*;  2.4 
:  emoke;  ash  hea^^y,  gray,  sind  fme;  uo  olmker . 

BEiaUETTIliG  TESTS. 

Mifiat)uri  No,  10  (Black). 

t79,  HI**  t4S*,  M^^ — Size  asu^ed:  Over  ^  inch,  3.0  per  cent;  ^  inch 
I  per  cent:  .'r:  ini  h  tn  X-.,  inch,  17  2  \ht  tu-ut:  A^  irn  Ii  tn  .U  im  li,  "21.2 
>ugh  ^  inch,  48.4  per  cent.  Equally  satisfactory  briquets  were^made 
per  cent  binder  on  English  machine  and  8  and  9  per  cent  on  Renfrew 
e  large  amount  of  day  present  made  briquets  soft  when  warm,  but  very 
d,  when  fuel  was  worked  with  high  moisture  content.  Tests  ITSf  and 
e  on  coal  from  the  same  car  and  under  greater  pressure  than  in  other 
briquets  were  harder,  more  cohesive,  and  made  less  slack  in  handling. 
?ts  had  rough  surfacc^s  and  l)roke  with  ragged  fracture.  They  were  of  a 
r,  owing  to  the  amount  of  clay  present.  For  analyses  of  briquets  see 
e  from  test  179  und<T  "Steaminp:  test  480  "). 


Tt'st  178t.  Test  179.  Test  241*.  Test  245*.  Test  246* 


actun^ : 

1 Renf.  Enp. 

of  briquets -F..|  170  185 

---■■: w.g.p.  w.g.  p. 

ry  No.  (s«vp.  40) [  454:^  4543 

p«TC('?it..  8  7 

uetU^i y>ouii<]s..  42, ()()()  5, 000 

averagt» do 0.  47r.  4.  43 

pr  pound- 
reived H.  t.ii..  o,!*^**)  9,(m 

red (In ll,l'_».s 

do n. ,<«.«.»  \i\,\H¥.) 

scnH'U) : 

|Ki  (viit..  SO.')  »k3.  3 

<lo       .i  !•>  5  30.7 

nch  screen) :  I  1 

do....  04.0  90.9 

) do. . . .  0. 0  9. 1 

ti  lO-meeh  sieve do....|  99.0  |  80.9  | 


Renf.  I 
149 


''■«■] 


60,000 
0.481 

0,081 
10,082 
10,8<i4 

73.  0 
27.0 


91.6 
%.0\ 


Renf. 
149 

w.gjp. 
48/9 
8.5 

176,000 
0.523 

9,081 
10,262 
10,801 

58.0 
42.0 


87.0 


10,000 
3.91 

9,081 
10,580 
16,805 

64.4 
35.6 

64.2 
^&.% 
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BBKXUETnSQ  TESTS — Continued 
MiBsouri  No.  10  (alack). 


,Te8t  178t. 


Weathering  test: 

Time  exposed days. 

Condition 

Water  absorption: 

In  19  days per  cent. 

In  13  days do... 

Average  for  first— 

5  days do... 

2  days do. . . 

Specific  gravity  (apparent) 


14.5 


1.94 
'1.172 


Test  179.  Test  241*  Test  245«.!Te8t  24e*. 


7.6 


2.2  i 


9.0 

1.54 

*  1.207' 


13.1 
2.24 

Lios" 


6l« 
1.13 


1.24B 


Extraction  analyses. 


Pitches. 

Fuel. 

Briquets 

Test 
178t. 

4515 
9.40 

Test 
179. 

Test 
241*. 

Test 
245*. 

Test 
24B*. 

Laboratory  No 

4543 

4806  ,     4879 

4257       4803 
13.70  !  ia30 

.54  1      -M 

«»» 

4876 

400B 

Air-drying  loss.  .    percent 

Extracted  by  C8i: 

Air  dried      ...         do.     . 

1 

1 
8.21  j    7.64 
7.44]    7.54 

7.03  i    7.13 

As  received do — 

Pitch  in  briquets  as  mccivod, 
jxjr  cent 

99.66 

96.90  I  94.  SO 

.47 

.47 

8.44 
8.27 

8.68 
8.73 

7.63 
7.62 

' 

MONTANA. 


MONTANA  NO.  2. 


Lijj:nito  from  tho  Bridj^er  bed  at  Froinborg,  Carbon  County,  on  the 
Northern  Pacific  Railway,  was  designated  Montana  No.  2.  One 
sample,  shipped  under  the  su{>ervision  of  N.  H.  Darton,  was  used  in 
steaming  test  470  and  producer-gas  test  149.  Mine  sample  3954  was 
taken  by  N.  II.  Darton. 

CHEMICAL  ANALYSES. 

Montana  No.  2. 


Mine 
sampb'. 


l^aborator>'  No  . . . 

Air-drying  loss 

Proximate: 

Moist  uro 

Volatil(*matU'r 

Fixod  carbon. . 

Ash 

Sulphur 


8.93 
33.  43 
4«.  92 
10.72 

.r»i 


Car 
samplo.  ' 

4234 
3.3() 

8.51  i 
31.  .')8  1 
44.  52 
15.  39 
.♦JO 


St4»aniing 
t4^st  470. « 


9.29 
31.20 
42.00 
lti.55 


Ultimate: 
Hydrogim 
Carbon . . . 
Nitrogen. 
Oxygon... 

Ash 

Sulphur.. 

Calorific  value  do-; 
termined  (as  re- 
ceived)   


1  calories . . 
B.  t.  n... 


Car        St^'aming 
samplo.     test  470. « 


4.96 
58.96 

1.10 
18.99 


5,821 
10,478 


4.31 
63.36 

1.18 

12.28 

18.24 

.63 


«Proximat^?  analysis  of  fuel  aa  ftnvl;  ultimate  analysis  of  dry  fu«'l  figured  from  car  sample. 


Montanii  Xo.  2. 


.T«t  47D. 


,  .per  o«nt. 


.do. 
.do. 


rf«»L., ,...„„ ,,._ .„....,»,  I- 0.  perpftimd  diycoaL 


.Inch  wi»ti!r, 

-.... ,.. ...,.-„.„ ...do... 

wr  «(tt>*'*  'i'*''*  <'*^  grate  saHac*'  per  hour. ,.,-,..... ...,,, . .  h  » - .  ,pciijn4i. 

in*  tvapof iiTwt  tK>r  sq imn-  foot  ol  vnier-lieatiiig  »utttiev  per  tiour do. . . 


U^  evsp^imtt'il  pt-j'  tHiLUjftJ  ot aniaf  i^s  Drpd.^^,,,. ,,,„. ,. pounds. 

i>f  ooiil  AS  firM .,,»..,,„,,.» .,,..•, ^ ^, , ,* . , ,.^* *,,,.,_, ^,, .. . do... 

[>f  dry  crml... -. ...^,  '..........*.*.,. .....,..*do*^^ 

of  eamUuBi^blc ^.-.,,.:^,„^_,.„„^ ,..,,...t,^^- do... 

ilkr.  tocdudinff  ent^..... „ ...„.....„p«*«ni, 

pdi  hoTwpo^er  \m\tT . . , , , ,.._ .. .....^-..*^......poanda^ 

aJ  horsepowpr  hour . . . . *.*,^^,, »,,,_,,,,, ^,,^ .,,..,..  ^ dd.,. 

?d  homepowerhonr..  .,,,*,*., *,.,.., *.,..,,i.,,..„ .,,..do... 

ttt  hfjrsupcurftr  bour. ../,  .-„^, ,,.. .....dn..^ 


m.2 
34.1 

21.0 

G.5Q 

0.^ 
.23 

mM 

5,75 

»,n 

a.  04 

3.7D 
4.57 


FBODUGEE-GAS  TEST. 
Mtmt&na  No.  2, 

BuGf  Juf  liHitl:  Over  I    iucb,  51  per  cent;  J  iucli  tu  1  liieJi,  21  per  t'tfllt; 

iu'Ij,  1^)  |Nr  liivt;  uiuliT  I  huh.  18  per  rotit.  Diiiatirfnitf  U«t,  lOlioiin*; 
trical  horsepower,  188.9;  averagi'  B.  t.  u.  per  cubic  f(K)t  of  gas,  147.5; 
•d,  15,450  pounds. 


9umed  in  producer  per  horsepower  hour  (pounds). 

jraepower: 

ily  available 

kt  switch  board 

•power: 

Lor  available 

It  engine 


UpiivdlefU  used  by  producer  plant  (pounds). 

>r»epower: 

Jy  available 

It  switchboard 

mower: 

ify  available 

It  engine 


Coal  as 
fired. 


2. 13 
2.05 


1.81 
1.74 


2.34 
2. 25 


1.99 
1.91 


Dry  coal. 


1.05 
1.87 


1.66 
1.50 


2.14 
2.06 


1.82 
1.75 


Combus- 
tible. 


1.62 
1.56 


1.38 
1.32 


1.78 
1.71 


1.52 
1.45 


Analy.ns  of  (/n.s  by  vohniuM 

ioxide  (COi) 13. 2 

lonoxide  (CO) 14. 2 

I  (Hi) ...   16. 0 

2. 9 

25.9 

2 

6 


[CHO. 

(N,). 

Of] 


?&0: 


«For  analysis  oi  fuel  iisod  sco  page  174  (sample  4234). 
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MONTANA  NO.  3. 

Lignite  from  the  Bridger  bed  at  Bridger,  Carbon  County,  on  t 
Northern  Pacific  Railway,  was  designated  Montana  No.  3.  0 
sample,  shipped  under  the  supervision  of  N.  H.  Dartc^i,  was  used 
steaming  test  477  and  producer-gas  test  150.  Two  mine  sampl 
3955  and  3956,  were  taken  by  N.  H.  Darton. 

CHEiaCAL  ANALYSES. 
Montana  No.  3. 


Mine  samples. 

Car 

Stea 

Laboratory  No 

3955 

3956 

4271 
3.10 

&56 
32.36 
45.60 
13.30 
.54 

5.06 

Air-drying  loss 

Proximate:                          • 

Moisture 

a47 
31.47 
41.88 
18.18 
.84 

a70 
34.03 
49.07 

&20 
.63 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

60.30  ^ 

Nitrogen 

1.06  1 

Oxygen 

19.56  1 

Asfi    :...:.:::.:....:..:  : :..:... 

Sulphur 

1     ' 

/calories. . 

1 

5,936 

Calorific  value  determined  (as  received) 

\B.t.u... 

10,685' 

a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

STEAMINO  TEST. 

Montana  No.  '^. 


Siz<>  us  used: 

Over  1  inch percent 

i  inch  to  1  inch. do. . 

Iincli  to  i  inch do.. 
'nd«»r  [  inch do... 

Avcragi!  (liunu't«'r inches 

Durntioii  of  tost hours 

Ho4iting  value  of  coal B.  t.  u.  i)er  pound  dry  coal 

Forcv  of  draft: 

Under  .stack  danii)er inch  water 

Above  fin^ do. . 

Dry  coal  usc<l  per  .squan'  foot  of  grate  surfaw  per  hour pounds 

Equivalent  water  evaporated  per  sqimn'  foot  of  wat<'r-h<'atiiig  surfact»  per  hour do. . . 

Pertvntage  of  rated  horsei)ower  of  boiler  develoiK'd 

Water  appan'ntly  evaporated  {x^.r  pound  of  coal  as  fired pounds 

Water  evaporat<**d  from  and  at  212*  F.: 

Per  pound  of  coal  as  fired do . . 

Per  pound  of  dry  coal do. . 

Per  pound  of  combustible do. . 

Efllciency  of  boiler,  including  grate pt»r  cent 

Coal  as  fired : 

Per  indicated  horjk»power  hour pounds 

Per  electrical  horsepower  hour do. . 

Dry  coal: 

Per  indicat<»d  horsepower  hour do. . 

Per  electrical  horsepower  hour do. . 


Test 


TEBTB — NEW   MEXICO. 


FEOD0CEB-GAS  TEST, 
Montana  No,  3. 


177 


ThI  /.^O.^DumrJOFi  of  t+^t,  41*  lumra.     Average  dw^triral  hnraepowf^r»  19^,6;  avtT* 
*^'  li  t.  ti.  p(*r  cuhk'  ftKtl  iif  givH,  181.5;  UitJj-!  t'txil  fiffNi,  15,950  ik»uik1s. 


t.'iQftt  itmitumrd  in  pftniHrrr  prr  hQTKtfiQtt^rr  hour  ip^iuiida}^ 

P»'T  vUvi  fUriil  h  f >rsjo jMi WH  r : 

ComiiH^rr'luiJy  Hviiltishlr; . . ^ .-.,.»*,_,'..*,, ^_ . _ 

11pTvlorM?<l  ftt  mwllch  bfimfii _,_..,„, _ *,.*..,.„, 

CominerciaUy  avaUHbtQ..^.^ ^....i * »*--. 

Ppvrlope^j  nt*'iigjiuj,. .„..„.,.,,.,... ^,* 


RquitnlnU  v*ed  fty  pmifttfrf  p?if^t  (pottmltlH 


Cbnunerclally  ]iTmUa)iki , . . . . 
Dewlop^d  at  switch  bfMUtl. 
i*Kt  brake  horatepowpr: 

r«min«  rclslly  Av^lftble . . .  „ 


I^wlop^  »t  eogtna. 


find. 


L99 


1.80 
L74 


DiyEKHli 


LAS 


t..n 


tible. 


1.33 
1.27 


1.12 
LOS 


1.3ft 


L3D 

1. 15 


CArbfffidcwdtlB{CO|)___..,.,,.„., .„_.....,,,,.,.._......, ,.„„...^*,„.«„._    iO 

Carbon  monoxide  (CO>...... ,..  —  .„.„,..-„.,-.— _™.. .,.,.-.,.-.,...— ,  10:3 

By4rtj«eo  (Hi) . ,..*,. «,,,. .* ....„„.— r. >....-,-*,-,-  16^9 

Metttaoe  fCUi) -.--,, ...„.l 3,3 

KltrogeafKi) -......,. ..—,_,.*,_.....-, „.,„,,_ ^.2 


mhrSape  (CbB4>  ' 


NEW  MKXJCO. 

KEW  MEXICO  NO.  3. 

Bitummoiis  coal  from  Van  Hon  ten,  Colfax  County,  on  the  Atchi- 
son, Topeka  and  Santa  Fe  Railway,  was  designated  New  Mexico  No. 
3.  The  coal,  as  worked  from  an  outcrop  at  this  place,  averages  6 
feet  6  inches  in  thickness. 

Three  kinds  of  coal  were  shipped  from  this  mine  under  the  super- 
vision of  J.  S.  Burrows:  New  Mexico  No.  3  A  consisted  of  run-of- 
mine  coal  used  in  steaming  test  396  and  producer-gas  test  121.  New 
Mexico  No.  3  B  consisted  of  10  tons  of  lump  and  was  used  in  steam- 
ing tests  389  and  391 ;  also,  together  with  equal  portions  of  washed 
New  Mexico  No.  4  B  and  No.  5,  in  coking  test  152  and  cupola  tests 
98  and  130.  New  Mexico  No.  3  C  consisted  of  40  tons  of  slack,  and 
Was  used  in  steaming  test  302  (on  washed  coal);  washing  test  168; 
and  coking  tests  148  and  140  (on  washed  coal).  At  this  mine  coal 
that  passes  through  a  J-inch  screen  is  called  '*slack,"  and  that  pass- 
ing over  the  J-inch  screen  is  graded  a«  ^Mump." 

Two  mine  samples  taken  for  chemical  analysis.  Sample  3221  was 
taken  2,000  feet  northwest  of  the  drift  mouth,  where  the  coal  meas- 
ured 6  feet  11  inches  in  thickness.  Sample  3222  was  taken  3,000 
feet  from  the  drift  mouth,  where  the  coal  measured  6  feet  11  inches 
b  thickness. 

[                                        o  For  analysis  of  fuel  used,  see  page  176  (sample 4271). 
19008 —Ban.  No.  332—08 12 
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REPORT  U.   S.   FUEL-TESTING   PLANT,  1900-7. 

CHEiaCAL  ANALYSES. 
New  Mexico  No.  3. 


Mine  samples. 

Ca 

kr  samples. 

A. 
39& 

B- 

( 

A. 

329.5 
2.00 

3.45 
32.00 
47.82 
16.67 
.73 

4.95 
66.19 

1.23 
10.23 

C. 

B. 

3306 
1.40 

2.76 

33.19 

48.54 

15.52 

.64 

4.84 
67.70 

1.18 
10.12 

389. 

391. 

X 

Laboratorv  No 

3221 
1.00 

2.50 
35.47 
52.90 

9.13 
.72 

3222 
2.00 

3.48* 
33.02 
50.58 
12.92 
.64 

3307 
.3.00 

4.36 

32.21 

47.51 

15.92 

.83 

479 
65.96 

1.18 
11.32 

Air-Hrvini?  Inns 

Proximate: 

Moisture 

2.82 
32.72 
47.56 
16.90 
.72 

4.72 

68.45 

1.28 

7.42 

17.39 

.74 

3.01 
32.61 
47.05 
17.33 
.72 

455 

67.93 

1.19 

7.72 

17.87 

.74 

2.47 
32.W 
47.63 
1&91 
.67 

458 
68.43 
1.19 
7.77 
17.34 
.60 

VolatUe  matter 

Fixed  carbon 

; 

Ash 

Sulphur 

Ultimate: 

Hydrogen.. 

Carbon 

Nitrogen 

Oxyeen 

Asfif....:::. .:.:.:. :.:::::::::: 

Sulphur 

Calorific  value  (as  received) : 
Detennined..{-^?^;; 
Calculated  «rom)    ^^  ^ 

7,293 
13,127 

6,607 
11,803 

6,629 
11,932 

6,618 
11,912 

6,509 
11,716 

6,759 
12,166 

6,715 
12,087 

ultmiateanal-}^*^"^'' 



ysls J"*  ''•"■ 

a  Proximate  analysis  of  fuel  as  fired :  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
STEAMINO  TESTS. 
New  Mexico  No.  3. 


Si/^  as  shipped 

Size  n a  used: 

Over  I  inch percent.. 

i  inch  to  1  inch do 

I  inch  to  i  inch do 

Under  \  inch do 

Duration  of  test hours . . 

Heating  value  of  coal B .  t.  u.  per  pound  dry  coal. . 

Force  of  dnift: 

Under  .stack  damper inch  water. . 

Above  fire do 

Furnace  temperature °F.. 

Dry  coal  used  per  square  foot  of  grato   surface   per   hour, 

pounds 

Equivalent  water  evaporated  per  square  foot  of  water-heat- 

surfa<^e  i>er  hour pounds.. 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated   per  pound  of  coal  as  fired. 

pounds 

"Water  evaporated  from  and  i«t  212  °F.: 

Per  pound  of  coal  as  fired pounds. . 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

EflBcienc>'  of  boiler,  including  grate per  cent. . 

Coal  as  f{re<i : 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do — 

Per  electrical  horsepower  hour do 


B. 


Test^SO.    Te8t:J91. 


( 
Tes 


14.8 
23.2 
22.2 
39.8 
10.0 
12,301 

0.60 

.22 

2,333 

23.48 

3.86 

108.2    ; 


1. 

30.6 
27.1 
18.3 
24.0 
10.0 
12,213 

0.54 

.18 

2,225 


ti.  84 

7.02 

8.00 

io.:<6 

64.61 

8.16 
8.42 
10.54 
66.  .'>8 

3.54 
4.36 

3.46 
4.28 

3.44 
4.24 

3.36 
4.15 

34  5 
27.9 
16.8 
20.8 
10.0 
12,301 

0.57 

.21 

2.432 


4.09 
114.8 

8.40 
8.61  I 
10.66 
67.59 

3.37  I 
4  16  ! 

3.28 
4  06  ! 


TESTS — NEW    M  EST  CO, 
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PBODUGEE-QAS  T18T. 

New  Mexico  No.  3  A  (nin  of  mine).^ 

Tet^ /f/,— Duration  of  toat^  50  houre;  avrrage  electrical  hi>iiBt>powt*r,  19S.4;  avera^ 
B.  I.  u.  per  etihic  foot  of  guar  155.1;  totiil  etml  fired,  12,S50  pounds- 


Gtool  iwiuwNWd  in  pfoSntcer  per  hort€pow€r  Aour  (poitmUy 

1*ST  dw trtcaJ  horiMjpo vrer: 

CoinmvTVi&Uy  a vuiljibli!^ ,..,„ .,,. , .,,,. 

l^^velofwd  at  tfwitch  HoArd  ..--^-.---..^,-,-^-,.,-^^,*-.^ 

Connnerolaily  avali]ahlt» ^ . .  ^^  ^ .  ^ ^  ^^, ,.„,..,.....  ,^, 

Dvvieloped  at  eaglmi _.._ , _„,„.„,_,,,. 

B&vitiop«<:l;  lU  switch boajd  ..._^ -,.,  ...^^f.^.,.-.. 

P(r  It^rakp  hor*Pi>owpf : 

Comuoe'rcjiiJlTr  avujiahlc . . . .  „  ^ . ,  ^^ .  *  -  ^, » ^^^ . ,...,..  .^ .  ♦. 

l>eveJope(l  ui  ftnglaa, .„,^,,*„ ,„_ ^..,.,,, 


Dry  cool. 


LS7 


Li7 


1.35 


L3S 


Lit 

1.05 


1.34 


ISI 

L14 


Oombua- 


L0& 


.« 


1.13 

LOT 


Anfilyse^. 


CbctL 


3103 

31.56 


Kotetqn ,„ *„„...„, 

£ahllloinftU«r, ,....,,: ,-, 

IWcirlmn , ■iS.lft 

A* ..,_._„...„..,,......  mtJ3 

.._,... .„-. ,      .72 


Carbon  dioxide  (CO,)... ,.....,,...,..  8v3 

Carbon  nioiioxtdp  (CO},...,, .-.„*.*„  3Ck5 

JIvilrogfij  {lh)..,,,,,,.,,»,**,*..^*. 11 A 

MMlmrii^  (Ti^}.  .**.^.„,_..^*..**...^.„...  3,0 

NtLrogtu  (Ilji.. .......^_-„.. fia.4 

EtbyifflnetCtH*!, , - *4 


WASHINO  AND  GOKINQ  TESTS, 

New  Mexico  No,  3. 

Wfiithing  U^t  16S  {roal  C\  */fldl").  —  Jig  iii*ed,  Stewart.     Raw  coal,  43,000  pounds; 
"rn^hod  coal,  38,000  pounds;  r#*fuse  5,000  pounds. 


Cokinff  U»l». 


B1^««i]m4 ,.....,, 

sJ'imllonof  twt... ,,,,.^.,*. „,,,., ,,....„. houtti.. 

t'<»ii  phu.fg«d  „,..„.„,... _._....._,..;,  i ,.  ^ ,»_._.._. . .  .pfiunda. . 

^^^p™^--^— ,. ..,._......... ..1-^^^:; 

Bi^^prod^d,. ..,..„,„..,,,.,.,._. {P^SS^ 

ro*fcl  yield,,,,.. _.,..._.. , ..r;.iio„/.. 


3C(i.). 


T^t  148    Test  119 


33 

12,130 
7,efifi 

410 
3,38 

e&54 


l.c- 

48 
UhTIO 

fiL77 

360 

3.07 

eiS4 


3  B  {U, 

4  B  u.y, 
iL&dS 

(r.  o.m.). 


Tesiisa 

(W.J. 


1.0. 

48 
12,000 
7, Em 


J^rmflT-ia.— Tt^t  148:  Ligbr,  Kn\y  and  tiilviTj%  giMxl  heavy  ftjlce;  ai^K  liii^li.  Ti«si  141*; 
IjJRht  p^ray  and  fljlvprj:  giMnl  ht-avy  ctrltt*;  ash  rinhuvd  l>y  wa^shin^,  hvii  still  higli, 
Twt  152:  Lig^Jit  j^fmy  and  yjlvcry;  g(MHl,  fttrLing,  in^vy  (^Jk^v;  giMid  ring,  bn^l^ugr*,  nnd 
^•\\  structure. 
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Analyses. 


Waahiog  test  168.|Cokiiig  test  148. 
Coke. 


Moisture 

Volatile  matter. . . 

Fixed  carbon 

Ash 

-Sulphur 


Coking  test  149. 


Raw     Washed 


coal. 


4.36 
:g.21 

47.51 

15.92 

.83 


coal. 


&01 


12.43 
.71 


Coal. 


3.68 
33.06 
48.94 
14.32 
.78 


0.76 

.67 

78.14 

20.43 

.71 


Coal. 

Coke. 

5.74 

0.88 

33.02 

1.51 

48.99 

80.42 

12.25 

17.19 

.72 

.65 

Coking  test  15: 


C>>al.     Coke. 


5.13 

33.88 

50.06 

ia93 

.69 


0. 

82."  fc^  -S 
15.(«»-S 


Cupola  te^ts  of  cohe  viade/roTn  New  Mexico  Nos,  S  B^  4  By  and  5  coal  (washed). 

CHARGE. 


Cupola 
test 
No. 


98 
130 


I  Fluid-  I 

Specific'  Ratio  I   }^I^   \    Materials, 
grar-    iron  to     ^}^P  I 
itv.       coke.       '""•    I 


T«»*  Specific  Ratio 
if^  grar-  irontc 
^^-        ity.       coke. 


152 
152 


1.91 
1.91 


Perct. 
99.9 


99.9 


fCoke . . . 

Pig  iron 
1 8c  rap... 
[Coke... 

Pig  iron 
[Scrap... 


Divisions  of  ch 

1. 

2. 

3. 

Lb9. 

Lb9. 

Lb9. 

210 

55 

55 

630 

405 

406 

210 

135 

135 

200 

58 

58 

600 

•413 

413 

200 

138 

138 

Lbs. 
55 
405 
135 
57 
412 
137 


Lb9. 

55 
405 
135 

57 
412 
137 


iTotaJ.. 


Lbf. 

2.250 
730 
43C 

2,250 
750 


a  Phosphorus  in  coke,  0.0348  per  cent. 


RECORD  OF  MELT. 


Cupola 
test 
No. 


98 


Blast  pressure. 


Maxi- 
inura. 


02. 


1.48  p.  in.... 
3.18  p.  111.... 


Iron 
nin- 
ning 
in— 


II 
10 


Weight  of  iron. 


Melting. 


j  Recoverpd. 


I  Addi- 
Poured.  tional  i  Total.i  Time. 
mclUid.  I 


Rate  I  Ratio 

per    iron  to 

hour,  t  coke. 


Lbs.  Lbs.  I 
1,1G2  i  325  i 
1.778  252  I 


Lbs. 
1.487 
2.030 


Min. 
29 

28 


Lbs. 

3,076  '    4.31 
4,511  I    6.51 


Los.s.  I  Iron.  Col^^- 


Perct..  Lbs. 
7.50  'l.2S8 
7.03       759 


Lb9- 


LADLE  RECORD. 


Test  98. 


Test  130. 


Test  98. 


T>adle 

No. 


10. 
11. 
12- 


I     Time 
=  I  (p.m.). 


83  I 

s(» : 

39 

7.S 
79  ' 
S(i 

70  I 

52  I 

^\  I 


2.07 
2.07i 
2.08 
2.15 
2. 15i 
2.  l(i 
2.  IS 
2.  IHJ 
2.19 
2.21 
2.22 
2.22i 


79 

\m 

S3 
82 
91 
95 
75 
48 


/?r/mzri*.«{. —Tost  98:  Iron  very  hot  unci  fluid 
tuytTcs  after  .sixteenth  hi<lh'. 


Time 
fp.  m... 

n 

adle 
No. 

Pounds. 



Time 
(p.  m.^. 

3.  .34 

5.5 
G4 

r.3 

fv8 
42 
Wi 

2  24 

3.38 

14. 

2.24i 
2  25 

3.38^ 

3.:«»  1 
3.  ;j9i 

3.40J 
3.41 

Hi. 
17. 
18. 
19 

2.27 
2. 27  J 
2.28. 

20. 
21. 
22. 
23. 

3. 42 

3. 42.J 
3. 43i 

3.44 

Tost  130. 


Poimds. 


Time 
i  (p.  m.i- 


94 

84 
82  I 
24 
86 
99  I 
84 
64  I 
86 
25  ' 
57 


3.45 
3.45i 
3.4<) 
3.47 
3.49i 
3.50 
3.51 
3.51J 
3.5Ji 
3.M 
3.55 


liiirge  quantities  of  slag  eloeuMi  up 


TEST& — NEW   MEXICO. 


NF.W  MEXICO  NO.  4. 
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httiminous  coal  from  Brilliant,  Colfax  County,  on  the  Atchison^ 
;:)peka  and  Santa  Fe  Rail  way  ^  was  designated  New  Mexico  No.  4. 
\ie  coal,  as  worked  from  the  outcrop  at  this  place,  av^erages  5  feet 
thickness. 

Two  samples  of  coal  were  taken  from  these  mines  for  testing 
irposes  untlcr  the  supervision  of  J.  S.  Burrows*  New  Mexico  No. 
X  consisted  of  run-of-mino  coal  and  was  used  in  making  st^am- 
g  tests  397  (raw)  and  398  (waslied),  prodticer-gas  test  122,  and 
ishing  test  174.  New  Mexico  No.  4  B  consisted  of  slack  coal 
rough  a  1^-inch  perforated  screen,  and  was  used  in  making  steam- 
g  test  395,  washing  test  170^  coking  tests  150  (raw)  and  151 
r&nlied)^  and  cujKila  test  1 19.  Mixed  with  New  Mexico  No,  3  B  and 
0.  5  Cecjual  portions,  washed),  No.  4  B  was  also  used  in  coking  test 
yi  (see  p.  17D)  and  cupola  t^sts  98  and  130  (see  p.  ISO), 
Two  mine  samples  were  taken  for  chemical  analysis.  Sample  322S 
as  taken  475  feet  southwest  of  the  drift  mouth,  where  the  coal 
ic&siired  5  feet  8  inches  in  thickness.  Sample  3229  was  taken  800 
Bet  south  of  the  drift  mouth,  where  the  coal  measured  4  feet  3lnchea 
3  thickness. 

QBEMICkL  ANALYSES. 
New  Mexico  Nu.  4. 


Mine  samples. 

Car  samples. 

Steaming  tests,  a 

A. 

3331 
1.40 

2.78 
34.31 
48.34 
14.57 
.61 

5.06 

ti8.51 

1.51 

9.74 

B. 

3315 
1.70 

'      3.38 

34.63 

48.45 

13.54 

.61 

5.13 

68.67 
1.50 
10.55 

A. 

B. 

397. 

398. 

395. 

*boratory  No 

3228 
1.00 

2.19 

3r>.9r> 

.50. 75 

11.11 

.r.7 

3229 
1.30 

2.67 
36.25 
51.26 

9.82 
.58 

Jr-diylng  loaa 

roxiinate: 
Moisture  .. 

2.30 
34.60 
48.53 
14.68 
.60 

4.89 

70.54 

1.56 

7.48 

.61 

14.92 

3.86 

34.06 

50.68 

11.40 

.63 

6.07 
73.07 
1.61 
7.73 
.66 
11.86 

3.37 

Volatile  matter  

34.70 

Fixed  carbon .   . . 

48.18 

Ash 

13.75 

Salphur 

.62 

itimate: 
Uydrwsen 

4.91 

carb^.. : . :.: . . 

70.90 

Nitrogen 

1.65 

OrvBen 

7.77 

Ash^....::;:. ::::::::::.:: 

.64 

Sulphur 

1                                      1 

14.23 

lorific  values  (as  received ) : 
Determined {^?''u'' 

7.257 
13.W)3 

6.830           6,914 
12,294  1       12.445 

6,873           6.875 

Calculated   fTom\^^^^^^ 



12,371 

12.375 

ysls •■• 

a  Proximate  analysis  of  fuel  as  (IrtMl;  ultimtitc  analysis  of  dry  fuel  figured  from  car  sample. 
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Cupola  test  of  cc 

he  made  from  New  Mexico  No.  4  B  coal  (washed) — Continued. 
LADLE  RECORD. 

Trfwile  No. 

- 

Test  119. 

'Ladle  No. 

Test  119. 

Pounds. 

95 
53 
96 
94 
28 
88 

102 
70 
89 
66 
86 
85 

106 

Time 
(a.m.). 

Pounds. 

Time 
(a.m. 

1.. 

9.12 

9.l2i 

9.16 

9.16i 

9.17 

9.19 

9.20 

9.20J 

9.21 

9.23 

9.23i 

9.24 

9.24^ 

14 

•  83  '        9.; 

2 

15. 

76  1         9  1 

3 

16 

103  ;         9.1 

4 

17 

81  '         9.  J 

5 

18. 

88  '         9.1 

tt 

19 

106  1         9.1 

7 

20 

86            9.1 

8 

lil 

70  1         9.1 

9 

1  22 

101          9.: 

10 

,  23 

82            9.2 

11 

S: "  ::::::::::*:::::': ":::: 

(»  1         Q.: 

12 

25                                                 .              09            9.J 

13 

1  26.                     .....          '            142            ft- J 

1       

NEW  MEXICO  NO.  6. 

Bituminous  coal  from  Blossburg,  Colfax  County,  on  the  Atchisoi 
Topeka  and  Santa  Fe  Railway,  was  designated  New  Mexico  No. 
The  coal,  as  worked  from  the  outcrop  at  this  place,  averages  7  feet 
inches  in  thickness. 

This  sample  was  run-of-mine  coal  loaded  under  the  supervision  < 
J.  S.  Burrows,  and  was  used  in  making  steaming  test  387,  produce 
gas  test  120,  washing  test  167,  coking  tests  146  (raw)  and  147  (washed 
and  cupola  test  120.  Mixed  with  New  Mexico  No.  3  B  and  N< 
4  B  (equal  portions,  washed),  it  was  also  used  in  coking  test  152  (si 
p.  179)  and  cupola  tests  98  and  130  (see  p.  180). 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  322 
was  taken  5,300  feet  north  of  the  slope,  where  the  coal  measured 
feet  in  thickness.  Sample  3227  was  taken  4,200  feet  southwest  of  tl 
slope,  where  the  coal  measured  7  feet  »S  inches  in  thickness. 


CHEMICAL  ANALYSES. 
New  Mexico  Xo.  5. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon  . . . 

Ash 

Sulphur 

Ultimiite: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Ash. 


CalculaU'd  from  ultimate  aimlysis. 


Mine  samples. 


322() 
1.20, 

2.25 
33. 19  , 
r)2. 19 
12.37 


Sulphur 

Calorific  value  (us  receive<l): 

1^'t.nnln,^ [™'f-- 


(calories. 
IB.  t.  u.. 


7.239 
13.  ().'«) 


I      pie.  ^a 


3227 
1.20  I 

2.31  I 
33.01 
rA.5H 
13. 10  I 


.W 


3294  i 
1.40 

2.72 

31.85  I 

50.86 

14.57 

.00 

4.88 

«i9. 9tl 

1.17 

8.73 


0,9tWi 
12.539 

6,974 
12,553 


2.S 
31.  S 

15.6 


4.6 

7a« 
1.1 

.1 


<»  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figun»d  from  car  sample. 
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T8BTO — NT?W   MT5XICO. 

STEAJCIN0  TEfiT. 

New  Mexico  No.  5  (T\m  of  mine). 
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Over  I  Inch....- ^..^-*.„^ ,.„,^,^,, ,,.*,... ^,_,.perceait. 

ttnch  to  I  inch , „...„,„-..*,...,.,. *...... -.*..,,,„.,...„,do., 
lo  i  loch.,  .......,,.,..„,„,*,■,.,.,.„..,, ,^.-*,,„.,.-„...,,, .,dA.*. 
rnderilrifti, -...-,* -^_,., ♦,..-,...-*-,. .^. ..,,..,.,* *,_ -,--^......dO-^. 

Ulumtion  ol  teJrt .„.., ..>.....*..*,.....,^. ...... *v*^*  +  *-. *,-»...*, ^—^^-.,h««iM. 

£l«fttjne  vml*»i?  ot  coiii. .  „ . , , , .  „  „. , ,B,  t,  u.  pet  pcnmd  dry  oohI. 

LTodcr  ittiif^k  da^inper.,,.*. ,.,.,..„..... , , ,..,,, .....loioli  water. 

Above  fij:^ ....^...^.........^.... ,.*.^..,^,.^.^.^.,,*.,..„*^,*^,..,^^,^,_»..,(IOhi^, 

^onoice  t*itnp*!»r*mpp. ,...,„.„.., .....,*.....,»,-.,.^.. ,..—., *F. 

l>Ty  C04Sl1  11AM  p<*r  »quar?.  ftxit  of  grate  aurfaco  por  bour.  * » .  .^ . . , . ,  *  .,^. ...  .>  ^ .  *.  .^  .,-pOTliiiSi. 
EqtiivnJunt  WMirr  evftporutfd  per  squRff  foot  at  wnter-bcuLtJiig  surfiiOP  i»r  faour.  — do.., 

F"e«?!etitji^^  ol  rsttffll  h.c>r»c[>fi wcr  of  tKiiUT  df^wUrnxwl . . .  ^ . . 

'^'ater  appfl  frtit!y  rviiporati<<j  ppr  pound  ol  coal  a«  fifed. pnucKU. 

^''4t*rovftpf5ri*t*v3  from  and  iit212^  FJ 

P^rpfkunrl  nreoiil  mi  flr^d .., , .,_. ^, _..**,..,.-.. ,,,..do.,. 

Per  potind  ttl  dry  coikl........ -..*,,... ^,^.,,_^^,^^..,,^^,.^.. „.^^. .,_^^-^ d*.*, 

I'pfpoujid  of  combuatiMij. ,...*-.-...-*..,_ ..,.. „....do.-. 

Kflteloncr  cd  boUern  mcliidlnggT^te.....,^ *...,...... «.*......-., «.^ pOKOQUt. 

C<i»l  aa  tfrwJ  r  .  ■ 

?«r  LndltHitof]  horsi^powtir  hour.....^..H,^.^..,-.........^..-......._^ ..^.^...poitn^. 

Per  pl*«tfic«l  hontepowf r  bour  ,..-..*-_ ,„....  —  .* ,.,... , €^~^. 

Ptf  EudiCttifKl  borst^ponfiT  honr„. . .  *  *, .,,„,.* ,....,,--_.,„  .*,,.... d0... 

P«r  fljH^trfciU  hfirsepowpf  hour . ...... — ., , .._.._,,  ^(So.^. 


PBODVCXK-QAS  TEST. 


S^\M  New  Mexico  No.  5  {run  of  mine). 

T*it  JfO^^Duration  of  tj^t,  45  huura-     A%^erage  electric-al  horecpjwer,  197.2. 
^*  H.  t.  u»  pi^r  cubic  f*x>t  nf  ^^,  159.fi.     Total  c*ml  ftrpd^  12»50f>  jKnrnds, 


^dactrlcal  honopower: 

CequQ^fciaU^  aYallabl^, .,.,...,.....,..,.,_., , . , . 

^^DwelOped  at  Bwltetaboard. .,.,„„....,..,.....,..„ 

CatDnMcvlsJfy  aTallable .  ....*„_ „ , , . , ^  .^ . 

iJerdoppd  at  etighuj, , , . 

^:quiialent  u$rd  by  producrf  fifant  ipe/undt). 

^"Joctricai  faoracpoflfer: 

Ciiniineiriaily  araUabie..^..,.. ..-_,_....... ..,,..,.,.,,, 

^  I>a¥etawa  at  switcjiljoard *.„,,-,.,.,.„, ,„..,.,.,.„ 

*v brake  norsepowpf : 

CoouQeieiaUy  *vaUablo. .  „ , .  „ . . _„..„, 

D^ydoped  at  fm^tm^ 


Coal 

M  fifed* 


Lit? 
i.  41 


L27 
1.20 


LAO 

Lm 


L3G 
L3V 


Dry 


LI7 
L3A 


L25 

Lia 


LS7 


L3i 

Lao 


Av4*r- 


Coro- 


L24 
1.17 


L33 

1.25 


I  13 

1.00 


0odl. 


Jmir/j^jBf^. 


Mfl^jture -,.,...,., .„    1.79 

,  I'oUtilp  matter ...,.„ ,.. 3J.33 

I  IU»dc*fbo», .,.. 51.4(1 

,. ..„..„.....,.,,    Ifi,4tl 

, .tWi 


0ia4r  by  pofutn^* 


rarhon  dbilde  (COil,..  . .............  1.0 

rarbon  moooKidfl  (COJ ,„., _  21.4 

Hydrogen  (Ht)*.. H.* 

Mclhfinr  (CTIiJ, . 2.2 
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WA8HINQ  AND  COKINQ  TESTS. 


New  Mexico  No.  5  (run  of  mine). 


Washing  test  167.— Size  as  used,  crushed  to  2  inches;  jig  used,  Stewart;  raw  cool,  15,000 
pounds;  washed  coal,  13,300  pounds;  refuse,  1,700  pounds. 

Coking  tests. 


Size  as  used 

Duration  of  teat hours. 

Coal  charged pounds. 

Coke  produced {^r't^ni: 

Breeze  produced ^^J^i: 

Total  yieid do. . . 


Test  146 

Test  147 

(raw) 

(w.) 

f.c. 

f.c. 

56 

GO 

11,810 

11,770 

7,500 

7,650 

63.51 

65.00 

320 

280 

2.71 

2.3S 

66.22 

67. 3S 

Remarks. — ^Testl46:  Light  gray  color;  good  heavy  coke;  high  ash.     Test  147:  Light; 
gray  and  silvery;  good  heavy  coke;  ash  reduced  by  washing,  but  still  high. 

Analyses. 


Washing  test  167. 

Coking  test  146. 

Coking  test  147. 

Raw 
coal. 

Washed 
coal. 

Coal. 

Coke. 

Coal.     1    Coke. 

Moisture 

2.72 

31.85 

50.86 

14.57 

.(J9 

4.68 

3.05 

31.96 

49.71 

15.28 

.76 

1.04 

1.44 

76.93 

20.59 

.86 

4.23 

32.25 

51.79 

11.73 

.89 

a99 

Volatile  matter 

.84 

Fixed  carbon 

81.38 

Ash 

11.87 
.91 

16.79 

Sulphur 

.76 

Cupola 
test 
No. 


Cupola  test  of  coke  made  from  .Yew  Mexico  No.  5  coal{ivashed). 
CHARGE. 


Coke.o 


Test    i    t^    ^^}^?' 


147  '       1.91 


I 
Fluid-  I 
ji%   '     MaterlHlH. 

fuiiT 


Divisions  of  charge. 


I 

Perct. 

rCoke.... 

99.9  7 Fig  iron. 

[Scrap. .. 


I 


Lbs.    ,  Lbs. 

220  ."va 

m)  39S  j 

220  1  133  I 


a  Phosphorus  in  coke,  0.001  per  cent. 
RECORD  OF  MELT. 


3. 


Lbs. 


4. 


I 


53  '  52 

398  I        397 
133  132 


'  Total. 


Lbs.    !  1,65.  I  Lbs. 


52 
397 
132 


430 

2,250 

750 


I  Blast  pressure.  i 

Cupola  —  Iron    i 

test    I  viflvi    ninnin^l 

No.  On  at  f^^S"      in  - 


Weight  of  iron. 


Melting. 


i  Recovered. 


I  Addi-  '  \  I  Rate  I  Ratio  j  ,'  ! 

Poured.'  tionai    Total.  Time,      per     irontol  Loss.    Iron.iCoke- 


1  melted.  I 


I  hour. 


120.. 


2.17  p.  m. 


I 


Oz.    I    Min.    i    Lb.<(.    '    /.6.V.       Lbs.      }fin.      Lbs. 
7  I  10  .     1.354  I         124      1.478  2S  I  3,H57 


coke. 


4.r>8 


Per  d.  Lbs.    IM. 
7.40    1,300  I      107 


TESTS — OHIO,  187 

f\tpolig  if  at  of  coke  ffiodr  front'  AVu*  Mf^vo  No.  6  coal  (tL^ashed^) — Continued, 
LADLE  RECOHJI. 


Ifeat  12Q. 

l^lii  No. 

TAitiao. 

iMt^  Ho. 

Pounds, 

Tlra« 

Fomnii. 

TEnia 

60 
IDT 

»5 

2.341 
2.43 

m 

101 

90 

m 

w 

11,*          ..............         ..-,H,*.* 

}l, 

la ^.., .^.,,„.. 

i.^-!;:^";::::::::::::"::: 

13     ,  »,  »^,^ 

Z4i 

t-,..  :     ;  ;;  rr 

14.. .1.1;.. ...".,..]. 

2,*7 

i*--,i;^":::;n: ::;::::: 

IS .,,,.....-.»*.,. 

f.S  I 

ifl    ».......-..*... 

i,::::; :::::::::::::::::::::: 

17.               *   . 

3Lfi9 

».,n 

Bmtarim. — Teat  120:  Iron  hot  and  fluid. 


OHIO. 


OHIO  I?rO.  10, 


Bituminous  coal  from  bed  No,  5,  at  Mineral  City,  Tuscarawas 
Cciunty,  was  designated  Ohio  No.  10.  The  roal,  as  ^vorked  from 
the  outcrop  at  this  place,  averages  3  feet  5  inchea  in  thickne^ss. 

One  sample  J  shipped  under  the  supervision  of  John  W.  Groves, 
<^t>nsist«d  of  lump  coal  over  a  H-iiicti  bar  screen,  and  was  used  in 
^teaming  test  469  and  produeer-gas  test  142. 

Two  mine  samples  were  taken  for  rhcniiral  analysis.  Sample 
"^^68  was  taken  7,000  feet  southeast  of  the  opening,  where  tlie  coal 
Measured  3  feet  3  inches  in  thirkness.  Sample  3f^69  was  taken 
^,600  fe<^t  southeast  r>f  the  opening,  where  the  coal  measured  3  feet 
'  inches  in  thickness. 

GKEiaCAL   ANALYSES. 

Chill  No.  10. 


No., 


MoUlom. , 

VoLitite  TOAtter. 
Fixed  carbon.... 


Hydrogen. 
C«rboti 


Solphiir , .. 

Caloriflc  valiw*  drt^rmlnftl  (as  mjeivwl j . ......  .{^Jtfo^' 


Iftiut 


mm 


ma 

K10 

47.  n 
a.7B 


13,  MS 


Cttr 


47.43 
7.53 

1.20 

tzea 


rtnt 


T^iai 

13.«ft 


4.1(1 
47.54 

am 

7L3i 
1.32 

&7i 


*  FmitimMto  anuljitii  tii  fuel  aa  flrad;  ultlQutte  iiiiiily»|it  ^f  dry  1^  flgUJiecL  froim  e*r 
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STEAIONQ   TEST. 

Ohio  No.  10. 


Test  469. 


Size  as  used:  I 

Over  1  inch per  cent,  .i 

4  inch  to  1  inch do — ! 

J  inch  to  i  inch do — ■ 

Under  i  inch do — 

Average  diameter inchea. . 

Duration  of  teat hours. .' 

Heating  value  of  coal B.  t.  u.  par  pound  dry  coal.  .1 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire .' do 

Furnace  temperature *'F . . 

Dry  coal  used  per  squ^im  loot  of  grate  surface  per  hour pounds,  .i 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour do  — ! 

Percentage  of  rated  horsepower  of  \m\cT  developt»d 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212*  F.: 

Per  pound  of  coal  as  fired do 

Per  pound  of  dry  coal do — 

Per  pound  of  combustible do — 

Efldclencv  of  Iwilcr,  including  grate per  cent. . 

Coal  as  fired: 

•  Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do — 

Dry  coal: 

Per  indicated  horsepower  hour do — 

Per  electrical  horsepower  hour do — 


58.3 
13.9 
9.1 
18.7 
1.30 
10.02 
13,291 

a  81 

.19 

2,877 

22.91 

425 
119.1 

7.38 

aso 

ft28 
10.39 
67.43 

3.^ 


PBODUCEB-OAS   TEST. 

Ohio  No.  10  (lump). 

Test  142. — Size  as  u8(m1:  Over  1  inch,  04  p<^r  cent;  J  inch  to  1  inch,  17  per  cent  C  ■ 
inch  to  J  inch,  8  \wt  cent;  under  \  inch,  11  per  cent.  Duration  of  test,  50  hoi*  ^ 
Average  eU'ctrical  horsepower,  199.0.  Avfragr  h.  t.  u.  p<*r  cubic  f(M>t  of  gas,  10^-^' 
Total  coul  finMl,  12,050  jxmnds. 


Coal  connumrd  in  producer  i,tr  hor.<n poii  fr  hour  (pounds). 

Per  elect  rioal  hor.sepowor: 

( •ommercially  aviiilabh* 

Dcvi-lorx'd  at  switcb  board 

Per  brakt'  norsopowor: 

Commorrially  available 

Devt'lopod  at  engiiu' 


Equivalent  used  bfj  producrr  plant  (pounds. 


Per  olnctrical  horsepower: 

Comniorfially  availahh^ 

Developed  at  wwitch  hoard  . 
Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


^'«;;!^-    Drj'coal. 


i.a2 

1.27 


1.12 
l.()8 


1.40 
1.:J5  i 


1.19 
1.13 


1.27  I 

1.22  ; 


LOS  , 
1.04  I 


1.35 
1.30  I 


1.15  I 
1.10 


roir»- 
bustir*!*'- 


\.15 
Mi 


1.22 
1.18 


1.04 
1.00 


AtuihjSiS. 


Coal. 


Gas  by  tohtme. 


Moisture 4.  Oo     Carbon  dioxide  (COj) : 9.4 

•Volatile  matter 30.  2.S  I  Carbon  monoxide  (CO) 20. ii 

Fixed  carbon 47.  75  :  Ilvdrogen  (Hj) 14-- 

Ash S.02     M.'thane  (CIl,) 2.h 

Sulphur 3.02  I  Nitrog»Ti  (Na> 52.^ 

I  Ethyleuc  (CjlU) •* 


TESTS OHIO, 


omo  ISO,  11. 


189 


Bit.umhiuus  coal  fmn)  bed  No*  8  iit  Flushing,  Belmont  Comity^  on 
li<^  Baltim(»re  and  Ohio  Railniad,  was  dc»signaietl  Ohio  No.  ]  1.  The 
oaK  as  wnrketi  at  a  iluptli  of  S9  ftH*!  at  this  place,  averages  4  feet  10 
icheti  in  thickness. 

One  t^mplef  sliipped  under  tin?  superv^ision  of  John  W.  Groves, 
pnsistpd  of  hi  nip  vtm\  uver  a  1  J-ineh  wereen  and  was*  u^ed  in  at^aming 
'^ts  474  and  475  am!  pn>ducer*gas  tes*t  145. 

Two  mine  samplea  were  taken  fi)r  chemical  analyds.  Sample  ;i9S5 
r^  taken  2, 000  feet  west  of  tlie  shaft,  where  tlie  coal  meaj^iired  4 
set  8{  inches  in  thickness.  Sample  3980  was  taken  1,500  feet  «outh- 
rest  of  the  shaft,  where  the  coal  measured  5  feet  1  inch  in  thickness, 

CHEHICA.L    ANALYSES. 

Ohio  No.  U. 


- 

If  ItiA  n 

>  ._*.i  ^^ 

C*r 
Mxnple. 

8l«auf}l£iff  tents.* 

*4 

<7& 

■iN^mtoiy  No -^,_... ., ■ 

1.70 
4® 

LOO 
4  IS 

7.96 
4  0 

41S7 

ail 

3a  ni 

4sa 

4  81 
1.17 

iai3 

>-tr-di7-j:ncioflA4--'-,-,x.^.,.. ^^    ^  ,, 

T             ^t- 

Moisture,,  „H.. ..-,.„.. „ 

4oa 

474 

l.liS 
T.64 

iLoa 
its 

nisat 

Vnlitllii^ BiAttiir. . . .-,—.. . „ - . t-,*^,  . , - , . 

37.33 

Pbt«J  curbflrti.^,.  ^*,,^*, ,-.,-_,_-, _^.,*,^ , 

17  rU3 

Aiiv ..*..*„...-_,*— ..,-^.,-.,.. 

U.  22 

Bujt^iur .-,,,.-*«,,.,.,,—„-, ..,.,, 

&M 

418 

C^rtwn                 ^'^\  -  ^  *,  \-      ., 

*:*"":"^, 

og  70 

*'*'**'"■■■ 

L  2S! 

Oi¥Eeja,,^p^* ---...- .---  ^-  -.,--^-  ,  *,.,- 

7.3& 

aS         ..... 

iL,6d 

Bul^ur-.,  .,. .-. ..-,.  .,    .,.  . 

&43 

7,271 

12.aW 

'wotifflc  Tjd.a#  djHemilDHl  C^s  mnTud) . .  {  g  Y  „  ' ' 

^^^_^                                   ^ 

a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  flgtu^  from  car  sample. 

STEAMINO   TESTS. 

Ohio  No.  11. 


**'zeasu8ed: 

Over  1  inch per  cent . 

iinch  to  1  inch do... 

}  inch  to  i  inch .do. . . 

Under  \  inch - do. . . 

Average  diameter inches. 

Duration  of  test hours 

{itating  value  of  coal U.  t .  ii.  ^x-r  pound  drv  coal . 

'oree  of  draft: 

Under  stack  damper inch  water. 

Altovc  fire do. . . 

f^umace  temperature °V. 

',^r>'cojU  used  per  square  fool  of  pn«t»>  siirfiu'c  ixr  hour pounds. 

^'Muivalent  waterevaporat«Hl  jht  s«|ii.ih'  f«>ot  of  \vat«'r  lien  ting  sin-fare  jxt  hour, 


pounds. 


'lop«'<l 

>al  IIS  rir»'«| ]>oun<Is. 


f'm^ntage  of  rated  horsepower  of  l>oilrt  .Ic 

Vater  apparently  evaporat^ni  [mt  pound  of 

V'at«'r  evaporated  from  and  at  212^  F.. 

Per  pound  of  coal  as  fired do 

Per  pound  of  dry  coal do — 

Per  pound  of  combustible do — 

^kdency  of  boiler,  including  grate per  cent. 


Test  474 


65.7 
1(18 
7.6 
9.9 
1.72 
9.23 
13.115 

a  78 
.20 

2,748 
a).  M 

X  (l.'i 
102.4 
7.04 

8.47 
8.79 

iai4 

64  72 


Test  475. 


•  71.7 

12.9 

6.7 

'  &7 

2.06 

9.28 

12,890 

0.77 

.19 

2.893 

20.  67 

3.  m 
102.  .'i 
7.08 

&55 
&86 
ia21 
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STEAUNQ  TESTS — (Continued. 
Ohio  No.  IL 


Coal  as  fired: 

Per  indicated  horsepower  hour poundi*. 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . . 


Test  474. 


3.34 
4.12 


3.22 
3.97 


Teat  475. 


3.31 
4.0 


a  IS 
3.94 


PBODUCEB-QAS  TEST. 

Ohio  No.  11  (lump). 

Test  lis. — Size  aa  used,  over  1  inch,  66  per  cent.;  J  inch  to  1  inch,  14  per  cent.;  :; 
inch  to  }  inch,  7  per  cent.  Under  J  inch,  13  per  cent.  Duration  of  test,  50  hour» 
Average  electrical  horsepower,  199.5.  Average  B.  t.  u.  per  cubic  foot  of  gas,  165.200 
Total  coal  fired,  13,860  pounds. 


Coal  contumed  in  producer  per  horsepower  hour  (pounds). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercialfy  available 

Developed  at  engine 


Equivalent  used  by  producer  plant  {pounds). 


Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard . 

Per  brake  horsepower: 

Commercialfy  available 

Developed  at  engine 


Coal  as 
fired. 

coaJ. 

Com- 
busUblc* 

1.45 
1.39 

1.40 
1.34 

L2 
1.  I 

1.23 

1.18 

1.19 
1.14 

l.O 

1..W 
1.49 

1.50 
1.44 

I 'J' 

1.32 
l.ai 

1.27 
1.22 

1.0* 

Analysis  of  gas  by  volume.  « 

Carbon  dioxide  (COj) 9. 0 

C4irbon  monoxide  (CO) 20. 2 

Hydrogen  ( Hi) 15. 3 

Methane  (Clio 2" 

Nitrogen  ( Nt ) 52. 3 

Ethyfene  (CiUO 0. 5 

OHIO  XO.    12. 

Bituminous  coal  from  bed  No.  8,  at  Bellaire,  Belmont  County,  wai 
designated  Ohio  No.  12.  The  coal,  as  worked  from  the  outcrop  a^ 
this  place,  averages  5  feet  5  inches  in  thickness. 

One  sample,  shipped  under  the  supervision  of  K.  M.  Way,  coa 
sisted  of  run-of-mine  coal  and  was  used  in  steaming  test  483,  prc^ 
ducer-gas  tests  146  and  147,  washing  test  103,  and  coking  test  180. 

Two  mine  samples  were  taken  for  chemical  analysis.  SampN 
3087  was  taken  at  a  face  where  the  coal  measured  5  feet  GJ  inches  ii 
thickness.  Sample  3988  was  taken  at  a  lace  where  the  coal  measurec 
5  feet  4\  inches  in  thickness. 


a  For  analysis  of  fuel  usod  soe  pagr*  18i»  (sample  4157). 


TKSTrt— OHIO. 
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CHEMICAL  AJ^ALTBXS, 


Miiiii»mt^k». 

C*r  wun|d0«^ 

40L8O 
3.Jlfi 

LIO 

3.10 

ao.ii 

4151 
4.14 

47.1^ 

5.19 
L20 

4178 
1.30 

Z^ 
37. 61 
49.45 

6.14 

70.11 

1.23 

9.80 

3,56 

Itw..-,......,- 

33.35 
48.37 

9,73 

4(10 

191 

72.33 

b,.....<.......-.-.....,«-,.I...>....^. 

L2I 

7  29 

10.  OB 

415 

litennfaa^d  (m  i«;«lTed) 

roAlorieB.* 

:.,..-::.: 

7.J.© 
12,S74 

7.1*Sfi 
12,633 

'^ 

bte  «ma]rHiii  ol  fud  iLJt  jln^l;  tiltktoatt^  ttnAlyaf«  of  dry  laei  Ogurvd  Crota  oar  suinple. 
ST£AHING  TEST. 
Ohio  No,  12, 


Ti»t4ia 


odl- -.„.-.—.,_..„„..„ .-_ -... fTTdo.. 

Wfe-...^^ .-...,,-,..,.„...,„„ .,.„.„..„...„... do.. 

h-. , _—*....--..-_-,.,.-*..-, .,^*-^^.,, .^, _..,,... do... 

inMtra-. «.-......  — —,,-......*...„-„..*.*,—,....-...„....* ,,  Jnch, 

I ,. .^ -.-.. ....hour*. 

if  coal.  ....-*...... -....-^^_ ,---, ^^,._„..B.  t.U-  per  pound  dfytHMl, 

k  datttpor. .  .........„....,..,_ .„,,..,.„... Aaioh  vftter. 

.  — .--.,.. .  — ,.........,.,  .do- . . 

Dr  fiquarp  foot  of  fpntn  aurfatVi  per  liour. .pounda. 

j^rovapi>niU'd  per  ftquim  foot  of  muti^r-lifiatitsg  aur&w*  per  liour *. .do. , . 

Bted  horwpower  of  liollfr  d«*velopefl ........ ... . . 

tly  evflponitM  per  poimtl  of  coiil  ti*  fired, ^  —  ....„,.,** ,,..., poiitida, 

Us6  from  and  at  llL^^  P,: 

^F<^iaLafl  OjwI.... . „ . .,„..„, .,,.. pounda, 

3f  dry  coal... ......... ..............do... 

:^f  oombii»tiMe.. ...,,,,,,....,,,.,.... ..-.*- ,^, ,...,.  ..do.,, 

Iter.  IndodlDK  gratp_%  ^ ...... . ., . ,. , .  .ppr  cent, 

?d  horsepowrr  hour.. *......* * .poundi. 

%i horwiKiwi't  hmtr „ . , , . . , ... , do, . , 

jd  ticir«i?po w<'r  hour , , . . . ^ . pounds. 

bJ horaepowi^r  hoiJr..^.. .,,...., do... 


35.S 
25^7 

m.s 

30l0 

(KT3 

9.05 

13,3S1 

.89 
.21 

22.98 
120 

117.6 
7.38 

9.14 
10.  *l 
4U5.9a 

121 

3.09 
3.«l 


PRODUCER-GAS  TESTS. 

Ohio  No.  12  (run  of  mine). 


nch 

nch 

h 

t 

?al  horsepower 

.  per  cubic  foot  of  ^jas . 


Test  146. 

Test  147. 

jxT  cent. . 

62 

21 

10 

7 

M 

198.8 

164.8 

10,650 

52 

<lo 

18 

do.... 

11 

do.... 

19 

hours.. 

50 

198.6 

164.6 

pounds.. 

14,350 

192  BEPOBT  U.   S.   FUEIi-TESTING  PLANT,  X906-7. 

PBODTJCER-GAS  TESTS— Continued. 
Ohio  No.  12  (nm  of  mine). 


Coal  consumfd  in  producer  per  home- 
power  hour  (pound*). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 

EquivcUent    used    by    "producer    plant 
{pounds). 

Per  electrical  horsepower: 

Commercially  available. 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercialhr  available. 

Developed  at  engine 


Test  146. 


Coal  as 
flred. 


1.65 
1.58 


1.40 
1.34 


1.50 
1.43 


Dry 
coal. 


1.60 
1.53 


.30 


1.72 
1.64 


1.46 
1.39 


Com- 
bustible. 


1.44 
1.37 


1.22 
1.17 


1.54 
1.47 


1.31 
1.25 


Test  147. 


Coal  as 
flred. 


1.51 
1.45 


1.28 
1.23 


1.62 
1.56 


1.38 
1.32 


Dry 
coal. 


Com- 
bustible. 


1.45 
1.39 


1.23 
1.18 


1.56 
1.50 


1.33 
1.27 


1.28 
1.23 


1.09 
1.06 


1.38 
1.33 


1.18 
M3 


Analyses. 


Coal. 

Moisture. 

Volatile  matter. . 

Fixed  carbon 

Ash. 

Sulphur 


Test  146. 

Test  147. 

2.97 

3.82 

37.61 

37.77 

49.45 

47.42 

9.97 

10.99  1 

3.65 

3.39 

Oas  by  volume. 

Carbon ^oxide  (COi) . . 
Carbon  monoxide  (CO) 

Hydrogen  (Hi) 

Methane  (CHO 

Nitrogen  (N») 

Ethylene  (CjH«) 


Teat  146. 

Test  147. 

9.4 

9.3 

19.8 

19.9 

15.7 

15.2 

2.9 

2.5 

51.8 

52.6 

.4 

.5 

WASHING  TEST. 

Ohio  No.  12. 


Test  /.9.!?.— Duration  of  test,  50  minutei^.  Size  as  used,  through  2-inch  screen- 
Jig  used,  Stowart;  ppeed,  35  r.  p.  m.;  stroke,  6  inches.  Raw  coal,  6.7  tons;  washed 
coal,  5.1  tons,  70  per  cent;  refuse,  l.G  tons,  24  per  cent. 

Analyses. 


Sample  tnsie<l. 


Ash. 


Labora- 
tory No. 


Moisture.  I 


Per  cent 


Raw  coal,  ear  sample 4151  4.14^  0.38 

WaahtHi  coal,  teat  193 4519  ft. 85  0.19 

Refuse I |  5.78  1        19.91 


Sulphur. 


Per  cent  Per  cent 

^vmIuc-    I  Per  cent.  I    reduc- 
tion.    I  tioD. 


I 


I 


33  ' 


3.96 
3.60  , 
6.62  I 
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need 

gravilj 
of  soLu- 

Pfll«»eDtag&  of 

Eiak 

Cper 
ami). 

Amlfmm, 

Ko.  of  test. 

To 

To 

total 
ft&m- 

Alfa. 

So^Hnir^ 

Per      ^^^cfrt 

™"**     duotlon. 

Per 

cent 

tkra. 

T ^^.. 

J. 35 
1.40 
1.4S 
1.53 

Las 

J. 41 
KS3 

57 
81 

T7 
H 

33 
It 
S 
0 

11.43 

e.7i 

7.31 

5.75 

32 

a.  23 
a.  63 

3.fts 

3.«7 
497 

11$ 

j.._ , „,, 

g 

J, __.... _„. 

2 

<„... .„.„.., 

tiltivi(Jlii«.t}:« 

f , , 

13.3S  1 

H^W    ,. 

19,30    

ft.«r 
10.W 

!:::::::::::::::::::: 

4........... -.-. 

•"•"■-*'. 

>  LoM  of  eo0d  ccuUt  Ht  per  oont. 

GOEINI^  TEST, 

Ohio  Nq,  12  (run  of  mine), 

TrMi  ISO, — Size  as  used,  wnshed^  finely  crushed.  Dunjitlon  of  test^  45  hoinii-  Coal 
l«ffed,  9,270  (Kjundp.  Coke  pnidtK^ed,  5,190  pM>Ufid0;  55,93  per  cent.  Breeze  pn>- 
Btredj  22^i  potindt*:  2.41  per  ccut.  Tntal  yield ,  58 ,40  per  ceut.  Light  gray^  wttli  Mme 
hnsry  deposit  of  caxbon;  c^ulphur  high. 


• 

Coal. 

Coke. 

foUtare 

5.19 
a».04 
4&36 
6w41 
a63 

0.73 

LoUtilemmtter 

.51 

Mctrbon 

87.96 

Uh.                                        

10.80 

'Qlphar 

3.06 

PENNSYLVANIA. 

PENNSYLVANIA  NO.  7.« 

Bituminous  coal  from  a  mine  3  miles  north  of  Ligonier,  Westmore- 
'*iid  Coimty ,  on  the  Ligonier  Valley  Railroad,  was  designated  ^*  Penn- 
ivlvania  No.  ir 

This  sample^  consisting  of  run-of-mine  coal  loaded  under  the  super- 
vision of  J.  S.  Burrows,  was  used  in  making  steaming  test  307. 

«  For  other  tests  of  coal  from  this  iriine,  made  during  1905,  see  Bull.  U.  S.  Geol.  Survey  No.  290, 1906, 
p.  176-178. 

19698— Bull.  No.  332—08 13 
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CHEMICAL  ANALYSES. 

Pennsylvania  No.  7. 


Proxlixukte: 

Moiflturo 

Volatile  matter. 

Fixed  carbon 

Ash.; 

Sulphur 


Steaming 
test307.a 


5.80 
21.79 
58.78 
ia68 

2.22 


Ultimate: 
Hydrogen. 
Carbon.... 
Nitrogen.. 

xSf!";:;: 

Sulphur... 


StflUDiiig 
XetAVl* 


iff 

Till 
LS 

in 
lifi 
in 


a  Proximate  analysis  of  fuel  as  ftred;  ultimate  analysis  of  dry  fuel  figured  fron^^ar  sample. 


STEAMINO  TEST. 

Pennsylvania  No.  7  (run  of  mine). 


Test  307' 


Sise  as  used: 

Over  1  inch per  cent 

i  inch  to  1  inch r. do. . 

J  inch  to  i  inch do. . 

Under  1  inch do 

Duration  of  test hours. . 

Heating  value  of  coal B.  t.  u.  per  pound  dry  coal. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperature "F 

Dry  coal  u.scd  per  square  foot  of  grat«  surface  per  hour pounds 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour do. . 

Percentage  of  rated  horsepower  of  lx)iler  developed 


Water  apparently  evaporated  per  pound  of  coafas  fired pounds. 

Water  evaporated  from  and  at  212*  V.: 

Per  pound  of  coal  as  fired do 

Per  pound  of  dr>'  coal do 

Per  pound  of  combustible do 1 

Efficiency  of  boiler,  including  grate per  cent,  .j 

Coal  as  fin»d: 

Per  indicated  horsepower  hour pounds. .  j 

Per  electrical  horsepower  hour do ' 

Drj'coal: 

I'er  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


1&8 
2L7 
IftS 
410 
10.07 
13,48 

aM 

.11 
2,» 
l&tf 
3.0 
8&0 
7.34 

&76 
ft29 
11.16 

123 
3.99 

3.04 
a76 


Pi:NN8Yr.VANIA  XO.  11. 

Bituininoiis  coal  from  the  Pittsburg  bed  at  Charleroi,  Washington 
County,  on  the  Pennsylvania  Kailroad,  was  designated  "Pennsylvania 
No.  11."  The  coal,  as  worked  from  the  outcrop  at  this  place,  averages 
5  feet  6  inches  in  thickness. 

One  sample,  shipped  under  the  supervision  of  John  W.  Groves, 
consisted  of  run-of-mine  coal  and  was  used  in  producer-gas  test  129, 
coking  test  159,  and  cupola  tests  143  and  161. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
3421  was  taken  4,000  feet  southwest  of  the  opening,  where  the  coal 
measured  5  feet  5}  inches  in  thickness.  Sample  3422  was  taken 
4,000  feet  northwest  of  the  opening,  where  the  coal  measured  5  feet 
6f  inches  in  thickness. 


TEfiT& — PENNSYLVANIA, 
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CHEmCAL  ANJUiTSIie. 

Penn&ylvanui  No.  li. 


' 

MliifiSttmpk«i. 

Car 
sample. 

UlBenmptea, 

C*r 

umple. 

yomVctiy  So..^-.,,>^-^ 

3411 

HfiS 
fi7.61 

3422 

zm 

34  55 
5&04 
<LOA 
2.27 

3532, 

3i07 

7.2B 
M8 

Uittoite; 

-drFinc  low _, , 

Eld 

llolatiuw. , ,  „ . . 

CftrboT.,,.... 

- 

TB.W 

NitT<jgen., _., 

L4I 

Velfl tile  matter, 

FliGd  carbon.,,,,,,,. 
Aih 

OxyBfiii^ . .  H, ,-  ,,*•*!„ 

* 

B-lO 

A«fi.T:. ...::.:::::::: 

Si^phuT-  +  ► 



Salphur ,„.....,. 

dotorniiiu,d  ^?™- 

Hi« 

7,Ma 
13,  m 

FEODUGEE-O&S  TEST* 

Penneylvutiia  No.  11  (run  of  mine). 

Tut  Ji9. — Dumtioti  of  test,  50  hoiiia.  Avcmge  electrical  hoi^epower,  170.7,  Average 
t.  u.  per  cubic  foot  of  gas^  146.4.    Total  coal  fired,  12,200  pounds. 


•"S^"  ^^ 


Cotiibtiw- 


Cool  cawmmtd  in  pr<iducer  per  h^tcpotper-^tmr  (pontidt), 

ComineitJAlly  avaiiiibJe.  .„,.-. ,..,.„,,, , „.,. 

DevcJoped  wt  BWiU?lil»o*rt|. ,  -  ,„.,..*... . . , .„.,*...*,* 

'  brmlc?  aonepQwen 

Commptislal^  jivaJUble* , , , , _ , 

iX^relopedaleDgJiie ,..., „.,.,......,.-,-,-,,,.,„ 

Eqttitolent  uted  by  producitr  plant.. 

Com  Ji^*.>rr  tally  arailmbU^ , .  ,^ ,........,.,  ^  .*,.,*,.. , 

Devf loped  at  awltehbaiLRi , .._,.,,.... 

bflLlc^  non»^powcr: 

Conimen^Uily  a vallAblc.  ..,_........_.„,.......,., , . . 


L4a 


L22 


1,55 


1.41 
1.32 


i.ao 

1.40 


1.37 

Liy 


1.29 


t3» 
L30 


LIS 
LIO 


I,  Si 
Lit 


l.K 


Analysis  of  gas  by  volume  fl 

Carbon  dioxide  (COt) 10.4 

Carbon  monoxide  (CO ) 18. 6 

Hydrogen  (Hi) 16.3 

Methane  (CH«) 2.0 

Nitrogen  (Nf). 52.6 

Ethytene  (Cffc) 2 

COKINO  TEST. 

Pennsylvania  No.  11  (run  of  mine). 

Tut  159. — Size  as  used,  raw,  finely  crushed.  Duration  of  test,  41  hours.  Coal 
irged,  12,040  pounds.  Coke  produced,  8,100  pounds;  67.28  per  cent.  Breeze  pro- 
ved, 296  pounds;  2.46  per  cent.  Total  yield,  69.74  per  cent.  Light-gray  color, 
[xi  coke. 

Analysis. 


Coal. 

C^ke. 

sture. .           

2.20 

33.18 

65.46 

9.16 

1.36 

0.52 

fttUe  matter                                                      

.97 

Ml  carbon. . .  

85.02 

13.40 

»har        . .      : 

1.19 

ffpbortu                                                     - - 

.cam 

\ 

a  For  euxalyses  otiuel  uaed,  eee  above  (sample  3532). 
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Cupola  tests  of  coke  made  from  Pennsyhxmia  No.  11  coal, 

CHARGE. 


Cupola 
test 
No. 

Coko. 

Fluid- 
ity 
strip 
full. 

Materials. 

« 

Divisions  of  chaige. 

Test 
No. 

Specific 
grav- 
ity. 

Ratio 
iron  to 
coke. 

1. 

2. 

3. 

4. 

5. 

ToUL 

143 
161 

1S9 
150 

1.92 
1.92 

7 
6 

Perct. 
97.22 

93.76 

fC^ke 

1  Pig  iron 

/Coke 

\Pig  iron 

Lbs. 
200 
800 
220 
880 

Lbs. 

68 
5S0 

70 
530 

Lbs. 

58 
560 

70 
630 

Lbs, 
57 

660 
70 

630 

Lbs. 

67 
660 

70 
630 

m 

RECORD  OF  MELT. 


Blast  pressure. 

Iron 

Weight  of  iron. 

Melting. 

Reoovend. 

Cupola 
test 
No. 

On  at— 

3.08  p.  m. 
1.58  p.m. 

Max- 
imum. 

Oz. 
7 

7 

run- 
ning 
in— 

Min. 
10 
10 

Poured. 

Lbs. 
1.636 
2,054 

Addi- 
tional 
melted. 

Lbs. 
278 
542 

Total. 

TinM. 

Rate 

per 

hour. 

Ratio 
iron  to 
coke. 

Loss. 

Iron.  Cob. 

143 
161 

Lbs. 
1.914 
2,506 

Min. 

34 
28 

Lbs. 
3,378 
5.663 

6.33 
6.13 

PercL 
4.63 

Lbs.  \Vbi. 
947' 

272        '6 

1 

LADLE  RECORD. 


I^adlo  No. 


1.. 

2.. 
3.. 
4.. 
5.. 

(>.. 
7.. 
8.. 
».. 
JO. 
11. 
12. 


Teat  143. 

Test  161.            1 

Pounds. 

Time 
(p.  m.) 

Pounds. 

Time     ' 
(p.  m.) 

68 

3.22 

93 

2.12 

72 

3.24 

uo 

2.13 

104 

3.26 

80 

2.16 

90 

3.27 

82 

2. 16i 

90 

3.32 

125 

2. 17  ; 

101 

3.32i 

08 

2.  22  1 

87 

3. :« 

73 

2.  22J| 

1« 

3.35 

69 

2.23  1 

m 

3.35i 

109 

2.  23i 

87 

3. 36 

137 

2.24  1 

86 

3.38 

70 

2.25 

mi 

3.38i 

119 

2.25i 

Test  143. 

T«tl61. 

- 

Ladle  No. 

Pounds. 

Time 
(p.  m.) 

Pounds. 

Time 
(p.in.) 

13 

80 

3.39 

73 

Z26 

14 

93 

3.43 

64 

2-2i 

15 

85 

3.43i 

86 

itf* 

16 

93 

3.44 

132 

2.29 

17 

78 

•     3.48 

66 

2.3i> 

18 

100 

3.49 

94 

2.30i 

10 

28 

3.52 

134 

2.31 

20 

61 
83 
99 
37 

2.33 

21 ' 

2.33* 

22 

2.34 

23 

1 

2.36 

SILICON.  MANO.VNESE.  KTC. 


Cupola  i 
test  I 
No. 


Materials. 


143 


161 


I  Pig  iron 
Molted  iron: 
.Vmount 
Gain  or  loss. 
Coke 

iPig  iron 
Melted  iron: 
Amount 
Gain  or  loss. 
Coke 


Amount 

used 
(pounds)  i 


Pounds. 


Manganese. 


\  Pounds. 


Per 
cent. 


1.85 
12. 74 


40.  58       0. 178 


3.407,      0.050 


Sulphur. 

Content 

of  coke 

combine 

Pounds.  I  with  \rf 

I  melterf 

i     (Ff 
cent). 


432. 


1.74 
17.15 


35.41         .111           2.124  .070 

-  5. 17-37.  W)         -1.283  +  .011 
I L19 

54.52         .163,          4.231,  .098 

■  '  I 

45.17         .113          2.033  .113 

-  9.3o  -30.68         -1.298  +  .015 
1.19 


L  12931 

1.3398 

+  .2105 

4.3554 

2.5441 

2.9335 

+  .3894 

5.1408 


483 


7.57 


Remarks.— Te^X  143:  Pig  iron  used  from  car  27633.     Iron  hot.     Test  161:  Pig  iron 
used  from  car  131943.    Iron  cold. 
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PEN^SYLTAISIA  ^O,  12. 

inouB  coal  from  the  Pittsburg  bed  at  Acheson,  Washington 
on  the  Baltimore  and  Ohio  Railroad,  was  designated  Pean- 
No.  12.  The  coal;  as  worked  from  the  outcrop  at  thi.s  place, 
5  feet  1  inch  in  thickness. 

ample^  shipped  under  the  supervision  of  John  W.  Groves, 
g  of  nm-of-mine  coah  was  used  in  producer-gas  test  143^ 
test  179,  coking  tests  161  and  162^  and  cupola  tests  145,  14fi, 
,  153|  and  154. 

line  sampler  were  taken  for  chemical  analysis.  Sample  3441 
11 1  .lOOfeet  west  of  the  opening,  where  the  coal  measureii  5  feet 
3  in  tliickness.  Sample  3442  was  taken  1,600 feet  southwest 
ening,  where  tlieeoal  measured  4  feet  U  inches  in  thickness. 


CHEKICAL  AHALYS£S, 
Pennaylvania  No.  12  (nin  i>f  mine). 

C&r    1 
1    Pto. 

Mltw  Bampleff. 

Car 

No^.......... 

3411 

IWi3t 

LIU 

Mi2  1       40^    1  tritlmaut! 

ZOD        a  70 

H  jdrogen . .  ^. , , , , , 

481 

' 

3l21        i.«ri 

CflTboii., 

* 

74  S? 

Nilmgpn.. .  + 1  ^     +  + . 

li4B 

paftner.,„*„ 

32.27 

5.88 

&L2A 
2.10 

'K!Ox>'g*m. , . 

f.fll 

rboa 

Cttforifle  value  _..i„_£„ 

TpSSD 
HJ«4 

.„"::: 

xm 

l4,iWi 

*  PBODUOEB-GAfi  TEBX. 

Pennsylvania  No.  12  (run  of  mine). 
— Size  as  used:  Over  1  inch,  20  per  cent;  J  to  1  inch,  17  per  cent;  J  inch  to 
pet  cent;  under  }  inch,  45  per  cent.    Duration  of  test,  28  hours.    Average 
lorsepower,  195.3.    Average  B.  t.  u.  per  cubic  foot  of  gas,  147.5.    Total  coal 
I  pounds. 


WMumtd  tn  producer  prr  horsepower  hour  (pounds) 

1  horsepower: 

sially  available 

d  at  switchboard 

rsepower: 

riaily  available 

d  at  engine 


EquivaUrU  used  by  producer  pJaiU  (pounds). 

horsepower: 

;ially  available 

d  at  switchboard 

rsepower: 

;iall V  available 

d  at  engine 


1  Coal  as 
fired. 

Dry  coal. 

Combus- 
tible. 

1         1.16 
1          1.12 

1.14 
1.09 

1.03 
.99 

.99 
1            .95 

.97 
.93 

.88 
.84 

1          1.28 
1          1.23 

1.26 
1.21 

1.14 
1.09 

!          1.09 
1.05 

! 

1.07 
1.03 

.97 
.93 

Analysis  of  qas  by  volume.f^ 

I  dioxide  (CO,) 10.8 

I  monoxide  (CO) Iti.  6 

gen  (Hi) 14.9 

ie(CH4) 2.4 

Bn(N|)_ 64.8 

aeCCHO 6 


a  For  analysis  of  fuel  used  see  above  (sample  4096). 
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WASHINQ  AND  COKINQ  TESTS. 

Pennsylvania  No.  12  (run  of  mine). 
Washing  test  179. — Size  as  used,  2-inch.    Jig  used,  Stewart, 
pounds.    Washed  coal,  16,900  pounds;  80  per  cent, 
cent. 

Coking  tests. 


Raw  coal,  21,200 
Refuse,  4,300  pounds;  20  per 


TtttlflZ 
(w.). 


Size  as  used 

Duration  of  test boun. . 

Coal  charged pounds. '. 

cote  produced Un^^C 

Breew  produced {PSSt" 

Total  yield do.... 


Remarks.— lest  161:  Light  gray  and  silvery;  fair  coke.    Test  162:  Light  gray  and 
silvery;  good  coke.    Ash  and  sulphur  reduced  by  washing. 

Analyses. 


Washing  test  179. 

Coking  test  161. 

Coking  test  162. 

Raw 
coal. 

Washed 
coal. 

Coal. 

Coke. 

Coal. 

Coka 

Moisture 

1.96 

30.55 

at  24 

9.25 

2.19 

4.63 

2.46 
31.28 
56.70 
9.66 
2.03 

0.69 

.29 

86.29 

12.73 

1.66 

.0184 

4.50 

31.35 

57.66 

6w49 

1.40 

a52 

Volatile  matter 

i.as 

Fixed  carbon 

89.13 

Ash 

6.40 
1.39 

9.07 

Sulphur 

1.11 

Phosphorus 

.00^ 

i 

Cupola  tests  of  coke  viadefrovi  Pennsylvania  No.  12  coal, 

CHARGE. 


Cupola 

U'8t 

•No. 


Coke. 


Test     Specinc 


No. 


grav- 
ity. 


IM\    lfi2rw.)  1.% 

151  IGl  1.97 

152  j    If.I  1.97 

153  102  (w.)  1.95  j 

154  Iui2(w.)  1.95  I 


Ratio 
iron  to 
coke. 


I 


Fluid- 
ity 
strip 
full. 


Prr  ct. 
97.22 

99.9 

9f).  .5.3 

{W.Gl 

99.9 

97.22 


Materials. 


Divisions  of  charge. 
2.  3.  4. 


'Total- 


/Coke 

\ Pig  Iron.... 

(Coke 

H*le  iron 

jCoke 

"iPlg  iron 

/CoKe 

IPlg  iron.... 

Coke 

Pic  Iron 

Coke 

Pig  iron 


Cupola 
test 
No. 


145 
146 
151 
152 
153 
154 


RECORD  OF  MELT. 

Blast  pressure. 

Iron 
run- 
ning 
in— 

Weight  of  iron. 

Melt 

Rate 

Time,     per 

hour. 

ting. 

Recovered. 

Onat- 

Maxi- 
mum. 

'  Addi-  ! 

Poured    tional    Total. 

melted.. 

Ratio 

iron  to  Loss, 
coke. 

Iron.  Coke. 

1 

Oz.\ 

Afin. 

Lbs. 

Lbs.       Lbs. 

1              ; 
Min.  1  Lbs.  1             Perci. 

Lbs. 

Lbt. 

3.13  p.m. 

11 

1,439 

1,139     2,578 

41 

7,031 

7. 41      9. 17 

147 

iSl 

11.14  a.m. 

7 

12 

1,831 

205    2,  (m 

34 

:J.590 

0.08       4.07 

812 

95 

3.29  p.  m. 

7 

11 

2,382 

25('>     2, 638 

35 

4.522 

6.26  :    5.03 

211 

79 

10.39  a.  m. 

7| 

8 

1,841 

450     2.291 

33 

4,  UV5 

7.01  1    4.10 

586 

74 

2.50  p.  ra. 

11 

2,352 

120     2, 472 

36 

3,917 

5.96 

4.66 

388 

85 

10.57  a.  m. 

7  i 

! 

9 

2,162 

365     2,517 

31 

4,872       8.50 

5.80 

309 

79 

TESTS — PENKSYLVAIJIA. 

tXtpola  lei£j  of  coke  umde/rom  Petiruiijlvania  Nqu  it  cnaJ^-^^kmtiiiUad. 
LADLE  K£CQED. 
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TMtl4& 

T^tl«k 

t«*tl5l. 

Tem\  152. 

T«it  152. 

Teit  154. 

U4l»Na. 

Lbi. 

Tim* 

(p.  Hi.}. 

Lbs. 

Lbs. 

Tlltie 

Lb«. 

Time 

Lb». 

Time 

Lis. 

92 

m 
12:: 

93 
93 
93 
135 
95 

too 

101 
73 
80 
113 
73 

118 
73 
101^ 
IH 
70 

8a 

17 

Time 

too 
m 
loa 

91 
IQO 

97 

m 
m 

IQG 

w 

08 
00 

as 

3.3a 
3.324 
3.3S 
3.354 

a.  37 

3.384 

3.^ 
3.  £31 
3.» 
4  00 
4  01 
403 
404 
4044 
405 

loa 

07 
100 
101 

88 
110 

im 
111 
m 
tai 

l«i3 
9fi 
00 

114 

m 

17 

tt,30 
11.3:2 

n.a^ 

11.34 
1L38 
11.384 
IhW 
11.^ 

n.'ia 

1L48 
lL4&i 
1L40 
11.55 
11.554 
lL6d 
lLfi8 
12.00 

55 

08 
5!j 

103 

m 

101 
IQfi 

li? 

145 

loe 

100 
09 
117 
S3 
7fi 
107 
105 
100 
71 
108 

vm 

00 

3.43 

3u46 

3.404 

3.49 

3.404 

3.50 

3.53 

3.534 

3.M 

3.59 

3.5^ 

4<» 

4004 

401 

403 

4ca4 

404 
40§ 
4064 
400 
410 
4104 
4  11 
4114 
41.'^ 

97 

90 
110 
91 
9J 
101 
112 
118 
lOD 
107 

loa 

8U 
104 
107 
105 
110 
111 
57 
25 

10.53 
10.50 
10.504 

u.  m 
n.o4 

1L044 
11.05 
11.054 
11.07 
IL  07  J 
11.06 
IL  10 
LL  m\ 

EL  11 
11. 14 
1L144 
JL15 
11.19 

n.30 

&5 
2» 
07 

10» 
108 

\m 

10» 
113 
SO 

\m 

IDO 
101 
100 
115 
90 
90 

\m 

B5 
98 
102 

\m 
m 

3.11 

3.114 

3.14 

3,144 

3.18 

3.184 

S.  19  ' 

3.23 

3.234 

3.34 

3.25 

X254 

3.a& 

3.29 
3.294 
3.3? 
132 

3.34 
S.344 
3.35 
^40 
3.40$ 

a.  41 

3.41 

11  15 

'"'-'"''"'*' 

1L15| 
U.16 

iL  m 

XI  19 

* 

11.194 

iLao 

11.122 
11.234 
1L2I 
11  35 

-  ^    '  """' 

r.—  "^  ***-'- 

EE::;::::: 

lL2fi4 
U.30 
1L3S 
11.2S4 
11  "^ 

H  31 

ll.ail 

n.:E! 

11  35 

*"' 

*""", 

****.I.. 

" 

" 

11.351 
u  3a 

* 

...... 

\,    m                * 

' 

11  37 

^^^                ' 

. 

.*,,,„. 
^ 

BIUCON.  MA^aAKEBE,  ETC. 


Amount 

used 
(pouadpk 

SUkxm, 

lUppuiBae. 

Bulf^bur. 

U^te>TiaiB. 

Per 
a-nt. 

Pound!. 

PoonilB. 

T9T 

Panndi* 

Content 

oomtkbuMt 
with  Imn 

melt«d 
(porot.) 

fPift  Iron....,,...., 

3.13 
—10.85 

54rt5 

4a  72 
5.  03 

am 

.133 
-25.  26 

45^9 

a  439 
— 1.  ICO 

0.050 

.060 

+  .010 

LOO 

.059 

.060 

-<-.02l 

Lll 

.059 

.078 

+  .019 

1.90 

.05^ 

,070 

+  .011 

LGO 

.060 

.068 

+  .039 

Lll 

.0^ 

.074 

+  .01G 
Lll 

i 
L  5310 

1,7788 
+   .  2572  1 
5.9005 
L20ia  ^ 

1.0288, 
-1-   .4270  1 
3.8181 
L5504 

3.0S70 

+  .6012  , 
a.  4414  1 
1.3517 

1.0037 

+  .^30 

5,1138 

1 

3.17A4 

+   .7180 

400,63 

L4S50 

LSa35 

+  .3770 

3.3744 

m 

&f^t«4  iron: 

.:i-nioimt, 

435 

CiAlnorJoM,.. 
Cote. 

""■"aw' 

Vig  Iron. 

2.12 

L84 
—13.21 

4116 

37.40 
—  Sl70 

.176 

.111 
—30.78 

3.G24 

1871 
-.753 

11  90 

145 

UHt«d  iron: 

Amount.      ,  . 

Cluln  or  Jjom.  . . 

Coke...      ..  ,  , 

344 

Pig  iron.. ,. 

2L13 

1.01 
—  9.W 

55l93 

^39 
-  5.54 

,178 
-30.  »0 

3.245 
-1.451 

i,ti 

Molted  tron: 

Amount. 

5.94 

GaIdoi-Jom... 
Coke ..,..,.- 

m 

Pig  iron.. 

2Lia 
-13128 

48.57 

42.01 
-  .^.06 

,17S 

.130 
-2197 

4076 

2,97B 
—  1. 100 

152 

Ifelted  Iron: 

Amount , . 

Oftlnorlou... 

4.m 

Coke 

306 

Pig  trorn. ..,..,..  . , 

2.12 

LIS 
— 1(L05 

52.  41 

44  (JO 
-8.41 

.  178 

.21(* 
-28,00 

4.400 

3.194 
-L230 

Lsa 

Molted  Iroor 

Amount...... 

Gidii  nr  |i>da... 
Coke. ..... 

iiV 

is.n 

Pig  Iron      .     ^ 

2.12 

L81 
-1402 

53.311 

45.50 
-7.80 

.178 

.  lar^ 

-3a  59 

4480 

:L423 
-1. 057 

\M 

llelt«4  Iron: 

Amount 

ILIS 

Gain  of  lostv. . . 
C^ke 

■"    '364' 

emarks. — Pig  iron  used  from  car  27633.  Test  145:  Iron  hot.  Blast  off  19  min- 
1;  melting  too  fast  to  handle.  Tests  146,  151,  152,  and  153:  Iron  hot.  Test  15'!: 
iperature  of  iron  medium. 
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REPORT  U.  S,   FUEL-TESTING  PLANT,  1906-7. 


PENXSYIiVANIA  NO.  13. 

Bituminous  coal  from  the  Freeport  bed  at  Creighton,  Allegheny 
County,  on  the  Pennsylvania  Railroad,  was  designated  Pennsylvania 
No.  13.  The  coal,  as  worked  from  the  outcrop  at  this  place,  aver- 
ages 5  feet  10  inches  in  thickness. 

One  sample,  shipped  under  the  supervision  of  John  W.  Groves, 
consisted  of  run-of-mine  coal  and  was  used  in  producer-gas  tests 
136  and  140. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
3437  was  taken  4,800  feet  northwest  of  the  opening,  where  the  coal 
measured  6  feet  1  inch  in  thickness.  Sample  3438  was  taken  5,500 
feet  northwest  of  the  opening,  where  the  coal  measured  5  feet  8 
inches  in  thickness. 

CHEiaCAL   ANALYSES. 

Pennsylvania  No.  13. 


Mine  Miinples. 


Laboratory  No .^437 

Air-drying  low* l.OO 

Proximate-: 

Moisture 2.53 

VolatUe  matter 33.  W 

Fixed  carbon M-SO 

Asb j  8.98 

Suipbur 2.21 


3438 
1.30 


Car 
sample. 

3879 
1.40 


2.93  ' 

2.65 

34.02  ! 

33.02 

55.52  : 

51.17 

7.53  i 

13.16 

1.87 

2.16 

Mine  iiamples.  J^ 


Carbon. 

Nitrogen 

Oxygen 

(asreceived).!"-*"-  , 


Ultimate: 

Hydrogen ..! Ul 

SLU 


7,420  1 
13.356 


PBODnCEB-OAS  TESTS. 

Pennnylvania  No.  13  (run  of  min<v). 


7,1« 
I2,a« 


TeHt  13ti.    Test  1«- 


Size  as  used: 

Over  1  inch por  cent. .  r^ 

\  inch  to  1  iiK'h do 1.') 

j  inch  to  i  inch do 8 

indcr  J  inch do ■  12 

Diirution  of  U'st hours..'  50 

Avcnig«»  el«ictriciil  h()r.s4'pi)w«T I  193. 2  < 

Average  IJ.  t.  u.  jxt  ciiliic  foot  of  gas '.I  153.0  « 

Total  coal  fire<l pounds. .  12. (iOO 


« 

24 

12 

15 

50 

196.5 

1H« 

11.750 


Tost  136. 


Coal  as 
fin'd.      j 

Coal  consumed  in  jtroducrr  prr  horxf- 
pouer  hour  (jHtunditK 

I'vT  ol(«ctrical  hors<'pow«'r: 

C'onunercially  available l.3«i 

DevelopHi  at  switchboard 1. 3(» 

I'cr  brak«'  nors<'pow(>r:  ! 

Comm«'n'iall.v  available 1. 16  ' 

Developed  al  engine 1.  1 1  , 

Kqui talent  uard  by  produrrr  plant 
(pounds). 

Per  elect rical  hors«*power:  , 

Commercially  available 1.  49 

IVveloped  at  swiU'hboanl I.  42 

Per  brake  horsepower:  I 

Commercially  available 1 .  26  ' 

Developed  at  engine l.  21 


Combus- 
tible. 


1. 15 

1.  10  : 


1.  13 
1.U8 


1.45 
1.38 


1.23 
1.18 


.^3 


1.25 
1.20 


l.Of. 
1.02  , 


Coal  as 
nrr'd. 


Test  140. 

Dry  coal,  \ibk-. 


1.25  ) 
1.20 

1.06  ! 
1.02  I 


1.36 
1.30  ! 


1.16 
1.10  1 


1.23 
1.18  , 


1.04 
1.00 


1.34 
1.28 


1.14 
1.09 


1.03 


1.19 
1.12 


1.00 


TESTS — PEN  NSYLVAIOA. 
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Ajialystt. 


1= 

UoiPtare 

'^olAtLie  mutter., 
FlXied  carbon. . . . 

A^ 

^D^iir.. ... 


Tratt^B. 


3.  as 

S3. 09 
£L17 

laia 
^1« 


T#»t  140. 


33.416 

13.07 
l.SO 


Oct  bff  rofuntf. 

CArbon  dioxldp  (COi).. 
Carbon  monoxide  (CO^ 

riytJrogs?!!  fUi). 

Uetbane  ^CU^^ ,. 

Nitrog(en  (Nti 


T^ftiaO. 


11.0 
17.3 
119 
X4 
040 
.A 


Testl«K. 


U.l 
U.6 
L2.6 

67.1 


pen:n^8vijVa^ia  kg,  is. 


Bituminous  coal  from  the  '"Miller"  or  B  bed  at  Wehrum,  Indiana 
Comity,  on  the  Pennsylvania  Railroad,  was  designat*?<l  Pennsylvania 
Ko.  15.  The  coal  J  as  workeil  at  a  depth  of  187  feet  at  this  place, 
averages  3  feet  10  inches  in  thirkness. 

One  sample^  shipped  under  the  supervision  of  John  W.  Groves, 

eonsisted  of  run-of-niine  coal,  and  was  used  in  steaming  tests  467 

(on  briquets) J  472 ^  and  473;  producer-gas  test  144;  washing  test 

,188;  coking  tests  185  and  188;  and  briquetting  tests  176  and  184t 

(mixed  vnth  Rhode  Island  No.  l,  see  p.  223). 

I  Two  mine  samples  were  taken  for  chemical  analysis.  Sample  4026 
Was  taken  2,000  feet  northeast  of  the  shaft,  where  the  coal  measured 
4  feet  2\  inches  in  thickness.  Sample  4027  was  taken  1^900  feet 
southwest  of  the  shaft,  where  the  coal  measured  3  feet  6  inches  in 
thickness. 

CHEMICAL  ANALYSES. 
Pennsylvania  No.  15. 


Steaming  teota.a 

Briamt- 

ting  test 

184t.» 

472. 

473. 

467. 

lAboratoiy  No 

4026 
3.30 

3.83 
19.03 
67.89 
9.25 
4.57 

4027 
2.40 

2.84 
17.47 
71.42 
a27 
3.11 

4082 
2.80 

3.13 
17.61 
69.45 
9.81 
3.77 

4.62 

76.^1 

1.14 

4.25 

4104 
2.10 

2.57 
1&09 
69.01 
10.33 

3.97 

4.43 

75.89 

1.16 

4.22 

1 

4913 

Alr-dnriiur  Ioim  ... 

I^xtmate: 

Moisture 

1.88 
17.60 
69.06 
11.46 

5.37 

4.13 
75.63 

1.15 

1.94 
11.68 

5.47 

2.46 
17.66 
70.66 
9.44 
3.87 

4.31 
78.83 
1.21 
2.00 
9.68 
3.97 

3.90 

23.36 

64.66 

8.10 

3.11 

4.36 
78.71 
1.09 
4.18 
8.43 
3.24 

0.74 

Volatile  matter 

15.96 

Fixed  carbon 

09.71 

Ash 

13.60 

Sulphur 

2.61 

nitimate: 

Hydrogen 

3.06 

Carbon 

77.48 

Nitrogen 

iS 

OzTsen 

aS^!;;:::::::::::::-:. :.:.:. 

13.70 

Sulphur          



2.63 

Calorific    value    deter- foaiories 

7.821 
14,079 

7.664 
13.795 

7,618 
13,712 

mined  (as  received).. \B.  t.  u... 



a  Proximate  analysis  of  fuel  as  fired:  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
^  ProzixDate  analysis  of  fuel  as  received;  ultimate  analysis  on  dry  basis. 
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BEPOBT  U.  S.  PUEL-TESTING  PLANT,  1906-7. 


STEAXIHG  TESTS. 

PenDBylvania  No.  15  (run  of  mine). 


Size  as  used: 

Overlinch percent..  &2  46  1 

J  inch  to  1  Inch do....  11.1  6.9  L«ncw 

I  inch  to  §  inch ...do....  19.2  13.9  P^P-^ 

Underiinch do....  61.6  74.6  J 

Average  diameter inch. .  a  ti  0. 31 

Duration  of  test hours..  &76  9.77  tfS 

Heating  value  of  fuel B.t.  u.  por  pound  of  dry  fuel..  13,7»  14,240  14,2a 

Force  of  draft: 

Under  stack  damper inchwater..  asi  0.82  OiW 

Above  Are .-. .do .27  .23  .1" 

Furnace  temperature **F..  2,612  2.616  2,79 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour pounds..  16.87  17.24  li.d 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface 

per  hour pounds..  3.00  3.26  3.S 

Percentage  of  rated  horsepower  of  boiler  developed 84.2  91.2  99.00 

Water  apparently  evaporated  per  pound  of  fuel  as  fired pounds..  7.27  7.65  7.tt 

Water  evaporated  from  and  at  212°  F.: 

Per  pound  of  fuel  as  fired do....  &76  9.22  9.« 

Per  pound  of  dry  fuel do....  &98  .9.46  laM 

Per  pound  of  combustible do ia67  ia86  U-* 

Eflkrfencv  of  boiler,  including  grate percent..  62.81  64.00  A* 

Fuel  as  fired: 

Per  indicated  horsepower  hour pounds..  3.23  3.07  IS 

Per  electrical  horsepower  hour do 3.99  3.79  3.62 

Dry  fuel: 

Per  indicated  horsepower  hour do —  8.17  2.99  iff 

Per  electrical  horsepower  hour do 3.91  3.69  !• 


Remarks. — Test  467  on  Renfrew  briquets  from  test  176,  which  burned  freely  with 
short  flame,  5.4  per  cent  black  smoke,  and  very  hot  fire;  briquets  coking  well  and 
throwing  off  fragments  of  coke  in  ash  during  combustion;  39  per  cent  clinker,  thiOr 
metallic,  red  and  black,  brittle  when  cold;  ash  of  dark  gray  color,  looked  like  coke. 

PBODUCEB-GAS  TEST. 

Pennsylvania  No.  15  (lump). 
TeM  144- — Size  as  used:  Over  1  inch,  7  per  cent;  i  inch  to  1  inch,  14  per  cent;  \  inch 
U)  i  inch,  18  per  cent;  under  \  inch,  61  \wr  cent.*    Duration  of  test,  24  hours.    Aver- 
age electrical  horsepower,  191.8.     Average  B.  t.  u.  per  cubic  foot  of  gas,  144.4.    Total 
coal  fired,  5,700  pounds. 


Coal 
as  fired. 


Drv  Com- 

coal.       bustible. 


Coal  consumed  in  producer  per  horsepower  hour  (pounds). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 


Per  brake  horsivpower 

Commorcially  available. 
Developed  at  engine 


Equivalent  used  by  producer  plant  (pounds). 


,  Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard . 
Per  brake  horsepower: 

CommerciaLiy  available 

Developed  at  engine 


1.29 
1.24  I 


1.10 
1.06 


1.43 
1.37 


1.22 
1.17 


1.26 
1.21  , 


1.07 
1.03 


1.39 
1.34 


1.18 
1.14 


1.12 
1.06 

.96 
.92 


1.25 
1.30 

1.0C 
1.02 


Analysis  of  gas  by  volume.^ 

Carbon  dioxide  (COi) 10. 7 

Carbon  monoxide  (CO) 17. 2 

Hydrogen  (Hi) 1 5. 8 

Methane  (CH*) 2. 2 

Nitrogen  (Ni) 53- 8 

Ethylene  (CilIO 3 


o  For  analyses  of  fuel  used  see  p.  201  (sample  4104). 


^^1 

m 

m 

■ 

P9P 

i 

^^1 

i 

TESTS — PENNSYLVANIA.               I 

m 
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WASHING  TESTt* 

Tut  ISi. — Durat  ian  of  test,  2  houm.    Si 20  as  used,  thuough  1-ineh 
i|j<?rial;  ep<^,  70  r,  p,  ra.;  Btroke,  2i  ischee^    Raw  <f>al,  20,37 10113; 
mis,  75  per  cent;  refuse,  5.12  tons,  25  per  cent. 

Bcrmn.    Jig  med, 
Wttaht^  coal,  15,25 

Anal}f»i§, 

V 

I^h.  Nrv. 

Ash. 

Sulphur. 

L                     Saniplp  ti^at^^. 

Pcirowt. 

Pwc*nt 

Htm. 

^v  «twl*  OAT  Aampte. , 

lr««tii«i  i?oaJ.  t«g|  Igg ..-...„.„.„. 

|Ml««      - 

4083 

a.  13 

Lin 

47.  IH 

"' "  ifi' 

3.77   

IflL78  

FhiU  and  nnk  UvU* 


Bira 

iuifi4 

of  *olu- 
tlaa 
ubh}. 

P«i«enta^ 

male 

oenth 

AOAljpIl. 

\ 

of  UotLt. 

AMU. 

Sulphur. 

Ha.<irt««t. 

To 

To 
toUl 

cent 
tedufv 
tftm. 

Per 

Cttlt. 

Tudur^ 

,t:v. 

1.41 

U4a 

1.5a 

1,41 

l,4fl 

11.  ao 

14.  ao 
17*20 

72 
IS 
80 
SL 

3» 
23 

19 

&47 
JL27 

a  54 

44 

m 

L30 
L45 
U54 
1.71 

ITI 

dti 

1  i::\; , :„. 

t^ 

L  ^::":;::::::;:::::: 

5fi 
&5 

duttfteCJlMtl;- 

a 

3 ,.„,. .. 

T 

4 

' 

ures  indicate  that  finer  crushing  is  advantageous.    Loss  of  "good  coal"  in  the  refuse  will  not 
[2  per  cent.    By  "good  coal"  is  meant  all  coal  of  a  quality  equal  to  or  better  than  that  of  the 
hashed  coal. 

COKING  TESTS. 
Pennsylvania  No.  15  (run  of  mine,  washed). 


Teat  186.   Test  188. 


^Ueasuaed 

juration  of  teat 7! hours. . 

^-oal  charged ^ pounds. . 

Col»p«xiaeed /-^i;; 

B«e»  prodded fc-^^-; 

T^otal  yield do. . . . 


f.c. 

r.  0.  m. 

61 

64 

9,750 

12,460 

6,779 

8,144 

60.27 

66.36 

262 

332 

2.60 

2.66 

01.96 

68.02 

Remarks. — Test  185:  Dull-gray  color;  soft  dense  coke;  high  sulphur.     Test  185:  Light 
Rtay  and  silvery;  much  better  than  coke  from  finely  ground  coal;  high  sulphur. 

Analyses. 


Test  186. 

Test  188. 

Ck)al. 

Coke. 

Coal. 

Coke. 

Moisture  

7.19 
17.86 
69.57 
5.38 
1.63 

0.56 

.32 

91.10 

8.02 

1.46 

4.63 
18.56 
70.63 
&28 
1.85 

0.57 

VoUtHPTiiAttAr.. 

.56 

fixed  carbon 

9a  23 

4th 

8.66 

talphur 

\.5A 

\ 

\ 
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BEPOBT  U.   S.   FUEL-TESTING  PLANT,  1906-7, 


BBiaTTETTIKG  TESTS. 

Pennsylvania. No.  15  (run  of  mine.) 
Test  176. — Size  as  used:  Over  }  inch,  2.2  per  cent;  ^  inch  to  i  inch,  6  per 


coil',  Y 

indt  I 
ifhiA  I 


r^  inch,  to  iV  inch,  12  per  cent;  ^  inch  to  ^  inch,  19  per  cent;  through  -f^ 
60.8  per  cent.    This  test,  with  7  per  cent  binder,  gave  satisfactory  briquets,  whiA 
were  tough  and  easily  handled  without  breaking  when  warm,  but  brittle  when  cold. 
Broke  with  characteristic  smooth  glossy  fracture,  hard  surface,  and  sharp  edges.    For 
analyses  of  briquets  see  page  201  (steaming  test  467). 

Test  1841;. — Size  as  used:  Over  }  inch,  0.8  per  cent;  ^  inch,  to  i  inch,  7  per  cent; 
2^  inch  to  ^  inch,  15  per  cent;  ^  inch  to  aV  inch,  22.2  per  cent;  through  ^  inch, 
55  per  cent.  Pennsylvania  No.  15  was  mixed  with  an  equal  portion  of  Rhode  Island 
No.  1  (run  of  mine)  in  this  test.  Excellent  briquets  were  made  with  6.25  per  cent 
binder  on  the  Renfrow  machine.  Although  the  pitch  used  had  a  low  melting  point, 
the  briquets  handled  well  from  the  machine,  and  piled  without  sticking.  The  outer 
surface  was  very  hard  and  smooth,  and  broke  without  crumbling,  giving  a  smooth 
fracture  and  sharp  edges.     For  analyses  of  briquets  see  page  201. 


Teat 
17f.. 


Details  of  manufacture:  | 

Machine  usetl '. Renf. 


Temperature  of  briquets.  **F. 

Binder- 
Kind 

Laboratory  No.  (see  p.  40) 
Amount per  cent. . 

Weight  of- 

Fuel  briquetted. pounds.. 
Briquets,  average,  .do 

Heat  value  pier  pound- 
Fuel  as  recei  ved . .  B .  t .  u . . 


"•^S- 


8.000 
a420 


Test 
184t. 


Renf. 

185 

w.  g.  p. 
4543 
a25 

10,000 
a  5 


Tert 

176. 


Test 


2B.5 


Fuel  as  fired do 

Binder bi.lMW 

Drop  test  (1-inch  screen): 

Held \>er  cent. .       W.  5 

Passed do 49. 5 


13  712  i/'*13,712 
13.702 


12.793 
l(i.90f» 


(•.8.  .'i 
31.  .J  I 


Tumbler  test  (l-inch  screen) : 

Held per  cent . 

Passed  (fines) do. . . 

Fines  through  lO-mesh  sieve 

percent. 

Weathering  test: 

Time  exi>osed days. 

Condition 

Water  absorption: 

In  19  days per  cent. 

In  16  days do. . . 

Average  for  first— 

4  days do. .. 

5  days do. .. 

Specific  gravity  (apparent) 1. 043 


810 
7.0 


9U 


22.0 


113 


4.a<> 


L90 
1.275 


«  Pennsylvania  No.  1.5. 


'>  Rhode  Island  No.  1  (s«m^  p.  223). 
Extraction  nnalysttft. 


Fuel. 


Laboratory  No 

.\ir-drying  loss j)er  ctMit . 

Extracted  bv  OS,: 

Air-drie<3 do. . 

As  received d(». . . 

Pitch  in  briquets,  as  received do. . . 


'*'^^'^-  i  Pa.  No. 
15. 


4104  I 
2. 10  i 


R.  I.  No. 
1. 


Briqoetju 


Test  176.  iTe8tl84t. 


3141  ' 
3.40  j 


.02 
.02 


2.80 


1913    J 

aos  ^ 


5.89  6-S 

5.72;  6.25 

5.02  &« 


PKNNSYL.VAXIA   XO.  16.  | 

Bituminous  coal  from  the  D  bed  at  Hastings^  Cambria  County, 
on  tlie  Pennsylvania  Railroad,  was  designated  Pennsylvania  No.  16. 
The  coal,  as  worked  from  the  outcrop  at  this  place,  averages  4  feet  4 
inches  in  thickness. 

One  sample,  shipped  under  the  supervision  of  K.  M.  Way,  consisted 
of  nin-of-mine  coal,  and  was  used  in  steaming  tests  468  (on  briquets) 
and  471,  producer-gas  t^st  148,  and  briqueting  tests  172,  173,  and 
J  74. 


I 
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Two  mine  samples  were  taken  for  cheuiical  analysii^.  Sample  4028 
^ms  taken  several  hundrefl  feet  from 'the  openmg,  where  the  coal 
leasureil  4  feet  6  inclies  in  tliickness.  Sample  4029  wrt8  taken  on 
lie  other  side  of  the  mine,  where  the  coal  measured  4  feet  2  inches  in 
kickness. 

\  CHEMICAL  ANALYSES. 


?= ' — 

I 

iClUe  4iimpioti. 

Car 

I6S.     1    in. 

ib0i»lory  No,.,*,, ^,,.„,„,.^  „.,,,. .^, 

4008 
2.  SB 

if7.n 

1.12 

mm 

2Z.(Ht 
7.23 

4t«» 

4. 25 
21.79 

Lm 

4.72 
7fi.02 
1.2S 
&ti3 

425S 

If^tyxJig  loa»__.- .,-*..„, _.,„,.„,,  , 

IfolMuro ..,,. ,-..,,,.-,., ^..,,. 

VotniiJ*  matter. +.pv.„,^. ..*-,. ,.., 

S.^7 
2^.6B 

8.35 
1.66 

4.  36 

7^.42 

U29 

13& 

asi 

L77 

lift 
2L07 

AMh ^. ..,, „...,,. . 

a^is 

SllJnhur  , 

1  W) 

miDiair: 

i3S 

Cwbon, *.,,,,,,,„*,,,,,*.,.»,  ,.        *».t  ^^ 

"S,  aj 

Nitrogen.-,..-— .,..., .^._....^..  ...,_,^*..,j.. 

1^321 

4.Wt 

aj!6_.:.;::::::::::;::;:::;;:::::::::;:::::::::i::":"*::' 

(i,3a 

SiilpUur-,,..,. ....' ...... 

1,  «7 

H,  144 

7<507 

uiOTtOe  v%lijedrtcfnuoM(aJ  in%iv'i*d'i..|Q       "^-- 

l.._ , 

1 

'--— - 

— "  •  " 

BTEAXING  TESTS. 
Pi^nnfivlvarjift  N<».  I*)  (run  i>/  DiiDe"), 


Test  468. 

Test  471. 

7.2 

See    p. 
206. 

11.6 
18.8 
62.4 

.39 

8.10 

10.03 

14,238 

13,939 

0.73 

0.76 

.14 

.20 

2,855 

2,785 

19.04 

18.52 

3.77 

3.53 

105.7 

98.90 

7.78 

»   7.59 

9.40 

9.15 

9.92 

9.55 

11.03 

11.03 

67.28 

66.16 

3.01 

3.09 

3.71 

3.82 

2.85 

2.96 

3.52 

3.66 

^^«e  as  used: 

Over  1  inch per  cent. 

I  inc5h  to  1  Inch do. . . 

1  inch  to  i  inch do. . . 

under  J  inch do. . . 

Average  diameter .Inch. 

juration  of  test hours. 

Heating  value  of  fuel iJ.t.  u.  p<'r  pound  dr>'  fuel. 

'Oroe  of  draft: 

Under  stack  damper Inch  water. 

Above  Are do. . . 

Fornaoe  temperature "F. 

Jry  fuel  used  per  square  foot  of  grate  surfaw  per  hour pounds. 

SquiTalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour, 

pounds 

Percentage  of  rated  horsepower  of  boiler  de velop«>(i 

J^ater  apparently  evaporated  per  pound  of  fuel  as  find pounds. 

Water  evaporated  from  and  at  212"  F. : 

Per  pound  of  fuel  as  fired do. . . 

Per  pound  of  dry  fuel do. . . 

Per  pound  of  combustible do. . . 

Jffidency  of  boiler,  including  grate per  cent. 

'Qel  as  fired: 

Per  indicated  horsepower  hour pounds. 

^    Per  electrical  horsepower  hour do. . . 

Diyfoel: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do. . , 


Remarks. — Test  468  on  briquets,  equal  weights,  fnmi  tests  172,  173,  and  174.  Bri- 
uets  from  both  machines  burned  nlowly  with  very  hot  fire,  medium  length  flame, 
nd  no  pmoke;  41  per  cent  heavy,  rough,  brittle  clinker  of  gray  color;  small  amount 
f  fine  unbumt  coal  contained  in  ash. 
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PBODUCSB-GAS  TEST. 

Pennsylvania  No.  16  (run  of  mine). 
Test  148. — Duration  of  test,  50  hours.    Average  electrical  horsepower,  199.2. 
age  B.  t.  u.  per  cubic  foot  of  gas,  149.5.     Total  coal  fired,  9,950  pounds. 


Aver- 


Coalas 
fired. 


CotU  cofuumed  in  producer  per  horsepower  hour  (pounds). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercially  available 

Developed  at  eogine 


Dry 
ooaL 


Equivalent  used  by  producer  plant  (pounds). 


Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard . 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


L04 
1.00 


.89 
.85 


1.17 
1.12  ! 


.99  I 


.95 


1.11 
1.06 


.94 
.90 


Com- 
bustible. 


aw 

.87 


LOl 
.«7 


.86 
.82 


Analyses. 


Coal. 


Moisture 5. 32 

VolatUe  matter 21. 75 

Fixed  carbon 64. 94 

Ash 7.99 

Sulphur l.CO 


Oas  by  volume. 

Carbon  dioxide  (COi) lai 

Carbon  monoxide  (CO) 18-2 

Hydrogen  (Hi) l*-} 

Methane  (CH4) 2.3 

Nitrogen  (Ni) 53.2 

Ethylene  (CjHO * 


BBIQUETTING  TESTS. 

Pennsylvania  No.  16  (run  of  mine). 
Te^U  lit,  173,  ;7^.— Size  as  used:  Over  \  inch,  2.2  per  cent;  ^  inch  to  J  inch. 
5.4  per  cent;  j'o  inch  to  ^g^  inch,  11.2  per  cent;  ^  inch  to  ^  inch,  21.4  per  a'nt; 
through  :^j^  inch,  50.8  per  cent.  There  was  no  difference  in  physical  app>earanc<' 
between  English  V)riquet8  with  6  and  those  with  7  per  cent  binder.  All  briquete^^t're 
satisfactory^  with  smooth,  very  hard  surface,  characteristic  glossy  fracture,  and  sharp 
edges.  Renfrow  briquets  ))r()ke  without  crumbling  and  were  easily  handled  fwro 
machine  when  warm.     For  anah^ses  of  ])ri(iuets  see  page  205  (steaming  test  468). 


Details  of  inaniifHCturc: 

Machine  used 

Temperature  of  briquets °F. . 

Bincfer— 

Kind 

Laboratory  No.  (sw  p.  4(») 

Amount i)or  cent. . 

W^lKhtof  - 

Fuel  briquetted pounds. . 

Briquets,  average do 

Heat  value  per  pound - 

Fuel  as  received , B.  t.  u. . 

Fuel  as  fired do 

Binder do 

Drop  test  (1-inch  screen): 

Held percent.. 

Passed do 

Tumbler  test  (1-inch  screen;: 

Held do.... 

Passed  (lines) do 

FInea  through  IQ-mesh  sieve do 

Weathering  test: 

Time  exposed days.. 

Condition * 

Water  absorption: 

In  19  days per  cent . . 

Average  for  first  4  days do 

Specific  gravity  (apparent) 


Test  172. 

Test  173. 

Tcet  i:<- 

■'ss 

^5^ 

K 

^'  4i3F9 
6 

c.  t.  p. 
4319 

7 

7 

3,500 
3.66 

3.500 
3.69 

5.000 
0.428 

13,513 
13,487 
16,139 

13,513 
13,487 
16,139 

13.513 
13.  «7 
16,139 

76.1 
23.9 

80.4 
19.6 

44.5 
55.5 

'          78.8 
21.2 
64.0 

81.7 
18.3 
63.9 

69.5 
30.5 
91.0 

54 
A. 

50 
A. 

M 
B. 

13.9 
1.35 
1.113 

14.7 

1.30 

l.UO 

19.0 
3.30 
1.056 

r 

TESTS — PEK  NSVLVANIA. 

Exiraction  imal^Bti. 
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k 

mt(^. 

Fuel. 

BriQuetfl, 

172.  173, 
174. 

n^..,., .     .„ 

4319 

am 

42&3 

tcM^.,.,.,.^... 

..»..*i..«.tf«.'ti..>...r.<*jr»j>  ■■         .p*f  CmfL 

4^10 

?.^ 

....*-».*>.,**.**  i  .-4  -                do 

^QO 

wd 

_, ,dc.. 

«a.3& 

&.3S 

...do. 

B;iD 

"  

1 


linous  coal  from    the  Upper  Freeport  or  E  bed  at  White, 
County*    on    the   Pemisylvama   Railroad,"  was   designated 
vania  No,  1 7.     The  coal,  aa  worked  from  the  outcrop  at  this 
verages  3  feet  3  inches  in  thickness, 

sample,  shipped  under  the  supervision  of  A.  K,  Adams, 
d  of  run-of-niine  coal,  and  was  usetl  in  steaming  testa  496 
i,  producer-gas  test  158,  washing  test  189,  and  coking  tests 
V)  and  1S6  (washed). 

mme  samples  were  taken  for  chemical  analysis »     Sample 

IS  taken  700  feet  southwest  of  the  opening,  where  the  coal 

k1  3  feet  3i  inches  in  thickiiest;.     Sample  4337  was  taken 

west  of  the  opening,  where  the  coal  measured  3  feet  3  inches 


CHEiaCAL   ANALYSES. 

Pennsylvania  No.  17. 


! 

Mine  samples. 

Car 
sample. 

Steaming  tests.a 

496. 

£06. 

t 

No 

4336 
1.30 

2.22 

30.91 

.'V9.67 

7.20 

1.39 

4337 
1.30 

2.22 

30.95 

58.41 

8.42 

1.54 

4421 
3.30 

4.35 
27.76 
55.99 
11.90 

1.51 

5.04 

71.62 

1.39 

&54 

loss 

le 

3.45 
28.33 
55.62 
12.60 

1.55 

4.73 
74.32 
1.44 
4.85 
13.05 

2.81 

1  matter 

irbon 

27.91 
57.85 
11.43 

1.66 

en 

4.79 

75.36 

n. 

1  46 

4.92 



11    7A 

:::::::::::::::::::::::::: :::::: :::::;:: :     :;           j  -   ■  •; 

1.61              1.71 

UG  determined  (as  received) .  ■{^f'tl^u'*- " 

7,767 

13. 801 

7,202 
12,964 

dmate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
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STEAXIHO  TESTS. 

Pennsylvania  No.  17  (run  of  mine). 


Slzeasosed: 

Over  1  inch per  cent . . 

h  inch  to  1  inch do 

i  inch  to  |indi do 

Under  i  inch do 

Average  diameter inch. . 

Duration  of  teat hours. . 

Heating  value  of  coal B.  t.  ii.  per  pound  of  dry  coal. . 

Forced  draft: 

Under  stack  damper inch  water. . 

Above  Are do — 

In  ash  pit do — 

Furnace  temperature , *F. . 

Dry  ooal  used  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evai>orated  per  square  foot  of  water-heating  surface  per  hour, 
pounds 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coaf  as  fired pounds. . I 

Water  evaporated  from  and  at  212^  F.: 

Per  pound  of  ooal  as  fired do.... 

Per  pound  of  dry  coal do — 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do — 

Dry  ooal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do — 


PBODUCEB-OAS  TEST. 

Pennsylvania  No.  17  (run  of  mine). 

Test  io.^.— Duration  of  test,  50  hours.     Average  electrical  horsepower,  188.4.    Aver- 
age B.  t.  u.  per  cubic  f(x)t  of  gas,  141.2.     Total  coal  fired,  13.200  pounds. 


Coal  consumed  in  producer  per  horsepower  hour  (pounds). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchbouni 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 

Equivalent  used  bi/  ftroducer  pUint  (inyunds). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


Analyses. 


Coal. 


MolstuR- 4.  40 

Volatile  matter 28. 01 

Fixed  carbon 54. 87 

Ash 12.72 

Sulphur 1. 75 


Oo.»  5y  volume. 


Carbon  dioxide  (CO,) lO-O 

Carbon  monoxide  (CO) \'l 

Hydrogen  (H,) 13.' 

Methane  (CH^) 2.2 

Nitrogen  (Nj) 56.1 

Oxygen  (Oj) .\ 

Ethylene  (C»H«) 4 


TESTSt^-PBNN  SYLVAN  lA, 
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WA&HIHQ   TESTS. 
Peimaylvania  No.  17. 
Tai  189. — Duration  of  test,  1§  hours.     Size  08  used,  through  l^indi  arreen.    Jig 
need,  ffpemh  flfH?edj  70  r,  p.  m*;  stMke.  2}  imhes.     Raw  coal,  7.28  toim;  washed 
cx»l,  6,30  tonji,  87  per  cent;  refuse,  OM  Urn,  13  per  rent, 

Analyafjt. 


Lab.  No. 

MoLb- 

Aftb. 

Sulphur. 

1                      Ettnjple  t«9lftd. 

Fwceiat. 

P*rc«nt 
redtip- 
tlmt. 

Flrcint. 

Perocnt 

Hnvf^^l,  ^inr  ^mpl(f^ ,  ,___,^, ^  ^^    _ 

4m 

43fi 
&1S 
4I» 

8.0(3 
41.50 

Lfil 
L16 
8185 

VfBjhed  coai  te*tl80 ..„.-..- 

ss 

^ 

itAfOH!       - *.,.  .  . 

Float  mid  nnk  iuU^ 


used 
tlncli). 

Specific 

gravity 

of  »?lu- 

tlon 

used. 

float. 

gink 
(per 

AJivifMrn, 

K<K  of  tMt 

To 

To 

total 
iample^ 

AjOl 

Sulptmr. 

OBUt 

F«r 

tJOIL 

oecA. 

1.00 

LOS 

1.13 

L» 
t.40 

l.« 
t«7 

Pw 

1.45 
1.35 

11  CO 

iftao 

m 
m 
91 
Dl 

1.70 

14 
10 

5,14 

&30 
7.51 

S7 
5:! 

57 

7A 

^.... -,..,... 

28 

3 

17 

#_„ ,, 

;2S 

OtiiaAiM(aMl):« 

3 , _.,.. 

f, ,     . 

1 .,,^*„, 

«  LoM  of  good  coal  aa  calculated.  1.5  per  cent.    By  "  good  coal"  is  meant  all  coal  of  a  quality  equal  to 
or  better  than  that  of  the  washed  coal. 

COKING   TESTS. 

Pennsylvania  No.  17  (run  of  mine). 


§Jm  as  used 

^Juration  of  test hours . . 

Coal  charged pounds. . 

^ke  produced t-^i;; 

B«„p«,du«d feV: 

Total  yield do.... 


Test 
186  (w.). 


f.c 
44 

11,920 
7,523 

oaii 

307 
2.58 
6&60 


Remarks. — ^Teet  178:  Light-gray  and  silvery;  g(X)d  weight  coke;  ash  high.  Test  186: 
Oood,  strong,  heavy  coke;  light-gray  and  silvery.  Washing  improves  both  physical 
appearance  and  chemical  analysis,  reducing  ash  and  sulphur. 

Analyses. 


Test  178. 

Tost  186. 

Coal. 

Coke. 

Coal. 

Coke. 

Moisture 

4.41 
2a  83 
57.86 

aw 

1.30 

a22 

.36 

84.55 

14.87 

1.37 

&30 

2a  24 

67.22 

a24 

L19 

a29 

Volatile  matter 

.56 

fixed  carbon . . 

87.96 

Ash 

11.19 

Bolphur 

V.^ 

\ 

\ 

19e&8— BulL  No.  332—08 
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PENKHYIiVAKIA  NO.   18. 

Bituminous  coal  from  a  mine  working  the  '*MiDer"  bed,  out- 
croi)ping  at  Lloydell,  Cambria  County,  on  the  Pennsylvania  Railroad, 
was  designated  Pennsylvania  No.  18. 

This  sample  consisted  of  run-of-mine  coal  shipped  under  the 
supervision  of  K.  M.  Way,  and  was  used  in  steaming  tests  499  and 
515  (on  briquets) ;  briquetting  tests  196*,  197*,  200*,  201,  202,  205, 
232*t,  236t,  and  250t;  mixed  with  Rhode  Island  No.  1  in  briquet- 
ting  test  243t;  and  mixed  with  Miscellaneous  No.  9  in  briquetting 
tests  238t,  239t,  240t,  and  248.  Four  cars  were  shipped  to  the  plant, 
and  one  car  was  shipped  to  the  Pennsylvania  Railroad  locomotive- 
testing  plant  at  Altoona.  . 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample*  4347 
was  cut  from  the  left  entry,  2,600  feet  south  of  the  mouth  of  the  drift. 
Sample  4348  was  taken  from  the  fac^  of  the  fifth  left  entry,  3,200 
feet  south  of  the  moutK  of  the  drift. 

Six  car  samples  were  taken — sample  4509  for  complete  chemical 
analysis,  and  five  others  for  air-drying  loss  and  moisture,  as  follows- 


Lal>oratory  No.  .        

4490 

4514 
&80 
4.32 

4547 
4.40 
&01 

4505        4fll 

Air-drying  loss 

Moiaturp 

aio 

!      8.72 

efao      4« 

a  60        &14 

CHEMICAL  ANALYSES. 

PcniiHylvania  No.  18. 


Mino  sainploR. 


Car 
gamplo. 


St«aming  twts.* 
499.  515. 


Laboratorj*  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter. 

Fixed  carbon. , . 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Ash. 


4347 
1. 90 

1>.43 

17.75 

73.21  , 

fi.fi  1 

1.34 


I 


4348 
2.30 

i 

2.Wi  ' 
17.fiO 
71.18 
8.56 
2.97  I 


I 


4509 
4. 10 

4.4A 
15.44  , 
71.63 
8.47  ' 
1.49 

4.80  I 
77.43 
11.28  I 
.6.53 


1512 


47SS 


Sulphur 

Calorific  value  determine*!  (as  received) .  -{B^t^u"    i 13*995  ' 


7,801  1. 
13,682   . 


4.05  I 
19.68 
66.5(i 

9.71  , 

1.72  j 

4.29 
79.76 

1.06  , 
2.99  I 

10. 12  ; 
1.79 


18.41 
67.00 
8.64 
l.M 

4.1« 
80.41 
1.19 
3.a 
9.19 
l.C 


Briquetting  tests.^ 


VMi*.  I  2fK)*.   232*tJ20.'>.'  23<)t.      238t. 


Proximate:  | 

Moisture 3. 2.'> 

Volatile  matter I  IS.  17 

Fixed  carbon '  m.  S7 

Ash ■  8.71 

Sulphur 1 .  42 

Ultimate: 

Hydrogen '  4. 12 

Carlwn 81 .  41 

Nitrogt>n l.  lu 

Oxygen 2. 81 

Ash 9.00 

Sulphur 1 .  47 


3.01 
17.84 
70. 53 
8.  fi2 
1.38 

4.13 
82.27 
1.27 
2.02 
8.89  i 
1.42 


41 
41 

86  ; 

32  I 
75 


79  I 


4.71 
18.43 
69.14 
7.72 
1.19 

4.40 
81.77 
1.2ti 
3.22 
8.10 
1.25 


1.83 
15.05 
69.52 
13.60 

1.61 

3.12 

77.24 

.70 

3.48 
13.82 

1.64 


1.30 
13.73 
69.67 
13.50 

1.19 

2.81 

70.94 

.75 

8.79 
15.50 

1.21 


240t.  !   243t.     25at. 


1.06 
15.87 
69.24 
13.83  , 

1.44  I 

2.81  I 
76.02 
.81 

4.92 
13.98 

1.46 


1.34 
16.39 
70.34 
11.93 

1.37 

3.46 

77.79 

.53 

4.74 
12.09 

1.39 


2.5S 
24.23 

a.m 

10.42 
1.99 

4.% 

78.64 

.88 

^» 

10.  e» 

2.04 


a  Proximate  analysis  of  fuel  as  flrod ;  ultimate  analysis  of  dry  fuel  figured  from  car  sample^ 
^Proximate  emedyaia  ol  fuel  as  received;  ultimate  anaiyeis  on  dry  baais. 
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JTB*t4fl9jTwt5ia. 


...ticmri. 

t.  IL  per  pouiu)  dry  fUftJ . 


&  of  fUiSl,.. «,.,......, ,.,..,,.. „„,,B, 

t: 

kck  dajnper. . . _ , ^....„*^....*,. »,.,,,,.,.,.  Jacb  wat«r,. 

&.,_ ,***.*,,. . ,., ....do.,.. 

Iieraturc ........,*.  ^  .....*»..,. . * ,  „ .  "F » . 

per  MtQATS  fool  of  gmkn  turfinw  per  hour , pounds . . 

rater  erttporftted  par  equaiv  foot  of  wj^tor-Jwiiting  flurfoop   mr 

.-^,*..-- .  -. .,,. ..- ...pounds., 

\  t^t&i  horBf'pf>wipr  of  boiler  dinrelflxiod . . .  ^ . . . ^ . , . , ......,*,. 

sutly  evttponited  per  pound  ol  fud  h4  Jlred. . .  * . . .  .pouiidB, . 

n&tcd  froDi  ami  &t  212  ^F,i 

a  of  fuel  aa  flrwl**»**,..^-„.. *.. ^,*... do 

d  of  dry  fuel.. _. ,>_..-. .- do,. ^. 

a  of  comtjuitlbla. * „....,,»,,*,*,,.,»*...**».**..** , , , . .  .do, * . . 

boiler,  including  gr&te per  OBnt. . 

I  tod  tiorscpower  hour, poiindB. 

iC4l  horicpower  hour, .  * , . ,  ...,>...>...  ..*,,.,, ,...,,.,. , ... . .  .do. . . 


I 


*tnid  hof»jpowiir  hour. , .,.,,,..,,......,,...._,.,.  ,^ ,.,,.,.,_ ,  ,do, , 

leal  hor«cpoiv«r  bour. ...  .do. 


Up  119  I 

am  ' 
.lt» 

31.50 

i.W 
1U.7 
7.M 

9.14 

tja.ii 
a.  09 

3.82 

2.97 
3,W 


9.21 
U,393 

0.S4 

.18 

2,700 

2LU 

4.m 
112.0 
7,3S 

ass 

J0.«2 

a.ift 

^90 

2.97 
3.07 


—Teat  499  on  RenfrtJW  briqueU*  fRjm  tt^la  Wl  and  302;  U«t  515  *>ti  Engliah 
\m  lest  197*,  EngliEih  briquti'tfl  fired  wiiole,  tx>th  bumod  with  shurt  flames 
lite  heat,  &ttd  no  smoko.  Eugibh  briqucta  modi-  26  pur  cent  dmker; 
iqueta  made  44  pur  lunt  clinkur. 

BEiaUETTINO  TESTS* 


PonnHylvaiiiii  Xt>.  IS  (nin  uf  mine)- 

»,  197*,  fCW»,  ;?0i,  ^(;;?,  '£05,  23^,  236^,  and  250t— Size  as  used:  Over  i  inch, 
t;  tV  i^ch  to  J  inch,  5  per  cent;  2V  i^^^  ^  ^g  inch,  10.6  per  cent;  ^  inch 
24.8  per  cent;  through  :^  inch,  58.2  per  cent.  Excellent  briquets  were 
5,  6,  and  7  per  cent  binder  on  the  English  machine;  8  per  cent  binder  gave 
s  on  the  Renfrow  machine,  but  those  with  6  and  7  per  cent  binder  were 
tory.  This  coal  worked  equally  well  with  high  and  low  moisture  content, 
quets  with  hard  surfaces  that  were  easily  handled  and  piled.  The  fracture 
I,  the  particles  of  coal  being  so  thoroughly  cemented  that  the  appearance 
.  solid  mass.  For  analyses  of  briquets  see  page  210  (briquets  from  testa 
2  under  '^Steaming  test  499,"  from  test  197*  under  ''Steaming  test  515"). 


mufacture: 

uaed 

ture    of    bri- 
»F.. 

rat  cry  No. 

!  p.  40). 

int,  per  cent. . 

I   briquet  ted, 

inds 

lets,  average, 

inds , 

le  per  pound  - 
AS    received, 

t.  u 

1  as  fired, 

t.  u 

jr....B.  t.  u. 


Test 
19e*. 


Eng. 
158  ' 


Test 
197*. 


Eng.  j 
140 


Test 
200*. 


Eng. 

183 


Test 
201. 


lUmf. 
149 


Test 
202. 


Henf. 
149 


w.  g.  p.    w.  g.  p.    w.  g.  p.    w.  g.  p. 
4083  ,       4<»83         4(i83         4(ii« 


24,000  ,128.000     24.000       ii.tiOO       CjOO 
3. 57         3. 02         3.  tiO       0.  4.'>0       0. 439 


13,682 

14,029 
16,637 


13,r.82  I  13,  (.82     13,682  |  13,682 


13,442      13.94<i 
lb.li37  I  16,637 


13..')47  I  13.547 
16,637  ;  16,637 


Test 
205. 

Test 
232n. 

Test 
23et. 

Test 
250t. 

1 
Renf. 

Renf. 

K.. 

EngUsh 

158 

167 

158 

157 

w.  g.  p. 
4806 

"-•aig- 

"U 

(«) 
4825 

8 

8 

7 

8 

6,000 

146,000 

40,000 

1.800 

0.407 

0.469 

3.62 

3.91 

13,682 

13,682 

13,682 

13,682 

13,937 
16,637 

13,937 
16,864 

13.873 
16, 8H 

13,680 

a  Wax  tailings. 


REPOET  V.  S.   FUEL-TESTING  PLAKT,  1906-1. 

BBIQVETTING  TESTS — Continued. 
Pennsylvania  No.  18  (run  of  mine). 


Test 

Test 

Test 

Test 

Test 

Test 

Test 

T*st 

Tert 

196*. 

197*. 

200*. 

201. 

202. 

206. 

232n. 

1 

2S0t. 

Drop  teat  (1-Inch  screen): 
Held per  cent. . 

Tae 

66.7 

62.5 

21.0 

41.0 

54.5 

54.5 

67.5  1 

ftO 

Paaaed do.... 

29.4 

33.3 

37.5 

79.0 

59.0 

45.5 

45.5 

32.5 

ILO 

Tumbler  test  (1-in.  screen): 

i 

Held per  cent.. 

66.0 

66.1 

72.2 

51. 0 

71.0 

85.0 

89.5 

61.8- 

tl.l 

Passed  (fines)... do.... 

34.0 

33.9 

27.8 

49.0 

20.0 

16.0 

las 

»L2: 

&l 

Fines  through  lO-mesh 

1 

sieve percent.. 

76.0 

59.5 

77.6 

89.7 

80.2 

80.7 

oas 

63141 

4L2 

Weathering  test: 

Time  exposed . .  .days. . 

1 

Condition 

A. 

1 

Water  absorption: 

In  19  days... per  cent.. 

14.9 

12.0 

In  13  days do 

ii.5 

17.4 

16.0 

15.3 

11.0 

11.7, 

5^9 

Average  for  first  4  days, 

1 

per  cent 

i.a-) 

1.129 

1.55 
1.161 

2.10 
1.131 

3.12 
1.088 

2.88 
1.106 

2.33 
1.102 

1.88 
1.164 

2.13i 
1.156 

aK 

Specific  gravity  (apparent) . 

LM 

Extraction  analyses. ^ 


Laboratory  No 

Air-drying  loss per  cent. 

Extracted  by  CSi: 

Air-driea do 

As  roceivod do 

Pitch  in  briquets  as  received.. do 


Briquets. 


Fuel. 


4490 
H.10 


.(H) 


Test 
196*. 

Test 
197*. 

Test 
200*. 

Teste 
201. 
202. 

Tert« 

Tert 

28et. 

ssot. 

5061 

"'5.' 44' 
.'i.36 

475.5 
5.10 

5.91 
5.61 
5.56 

5052 

'*'4."68" 
4.51 

4512 
3.90 

5.96 
5.73 
5.70 

50« 

"*8Lii' 

7.78 

4797 
8.80 

7.69 
7.38 
61 98 

m 

S.U 
7.11 
7.S 

a  For  cxtrui'tion  analyses  of  pitches  used,  see  p.  40.  j 

TcHt  ]i.S8\. — PeniiHylvania  No.  18,  75  per  cent;  miscellaneous  No.  9  (coke  breeze),   j 
25  p<'r  cent.     Satisfactory  briquets  were  made  with  8  per  cent  binder;  jdmibir  to 
bricjiiets  fn>m   PennHylvania  No.   18,  alone.      Surfaces  smooth  and  hani;  fracturwi 
surface  smooth  with  sharp  edges;  could  be  handled  easily  while  warm,  and  did  not 
crush  or  stick  together  when  piled  warm. 

Test  2AU^. — Equal  parts  of  Pennsylvania  No.  18  and  miscellaneous  No.  9.    The   . 
briquets  were  softer  when  warm  than  in  test  2;^8t,  but  could  be  handled  without  | 
bnjaking;  very  hard  when  cold;  bn)ke  without  crumbling;  fractured  surface  rough 
but  firm. 

TeM  2A0^. — Pennsylvania  No.  18,  25  per  cent;  miscellaneous  No.  9,  75  pt»r  cent.  I 
The  briquets  were  vcTy  soft  when  wariii  and  could  not  be  handled  without  consider-  I 
able  breakage,  but  hard  when  cold;  fractured  surface  very  n>ugh,  with  edges  that  | 
cruml)led  easily.     This  tost  showed  the  necessity  of  handling  fuel  mechanically  until 
cold  to  prevent  bre^ikage. 

Test  2-Ui\. — Equal  parts  of  Pennsylvania  No.  18  and  Ilho<le  Island  No.  1,  both  nin  1 
of  mine.     An  effort  was  made  to  improve  the  burning  qualities  by  increasiiig  the  | 
melting  point  of  the  binder,  but  owing  to  the  hardness  of  the  pitch  used  and  insufficient 
pressure,  these  briquets  were  not  satisfactory.     They  could  not  be  handlcKl  when  wmid 
without  many  being  bn^ken,  but  when  cold  were  brittle,  pnxlucing  considerable  elacV 
in  handling.     No  physical  tests  were  made. 

2V«f  2^8. — Pennsylvania  No.  18,  10  per  cent;  miscellan<K)U8  No.  9,  90  per  cent. 
Characteristics  of  briquets  noted  in  test  240t  were  more  pronounced.  The  breakage 
of  warm  briquets  in  falling  from  machine  and  during  handling  with  c*oke  fork  w»s 
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cents  showing  the  necessity  of  careful  Uaudling  of  briqui^tt*  on  a  belt  con- 
they  are  CfX>l.     The  cold  briqneta  were  handled  tjatisfaotorily. 
sea  of  briqiietej  etee  page  210. 


Ii... 

Aiticb ,.. 

A  inch — . 

iucbw.  „ , 

DufactuTtr: 

IB«1,„ 

lire  of  briquet* - 


do.„ 


wtaiy  No.  {ma$  p.  10 )  ^ 
at. 


irlquetted... 

Eti,  AVtTSi^,^ ^.»«,, 

fP«.No,  18,. 
isrwFlvediR.  L  No,  L, 

,a&r^..,.. 

r  ,,,..,,..„,,,.,.,.-... 
nbtii 


.  per  cmt . 
.  .pouadft. 


.,,do... 
.„dc. 
..,do.,. 


Cl*liichflcre«l>: 


n*«  I 


srAivt- 


17  UppaimtK 


,do, 
.do. 
.do. 

.d4). 

.do. 
.do. 

.do. 
.do. 
.do. 


Ttot 


1.0 

&S 

142 

21.  S 

Rent 

S,0 
10,000 


10,870 

16,S&4 

48.0 

87.0 

lao 

M.4 


13.  ft 


2.^ 

i.ids 


2^. 


15.0 
23.4 
M.8 

HRUf. 

IfiT 

8.0 
D.471» 


10,^70 
12.787 
KI.8G4 

4A.5 
7a.  5 
«L6 


lh.& 


2.A7 


2«»t' 


1.4 

7.S 

26.2 
4S.0 

1A7 


w.g. 


'Oi 


8,0OD 
13,082 


10,870 
12,721 
1<;>»B4 

4ao 
m).o 

WkQ 

mo 

lOOiO 


140 


2.% 


Twt 


1.0 
0.8 
17.6 
3&2 
40.4 

Kent. 
185 

8.0 
2,000 


30,990 


13.387 
!fl,57fi 


Tttt 
24IL 


L4 
&4 

10.8 

:>si.o 

444 

tlcrif. 

^'*  B*  p. 
4fi79 

2.000 
0,479 

n,U82 


10.«7D 

<iLO 
.19.0 

M0,0 

2ao 

8^2 
19.5 


%m 


IA4& 


Extraction  analyses. 


Fuels. 

Briquets. 

Pitches. 

Pa,  No. 
18. 

R.I. 
No.  1. 

Misc. 

No.  9. 

Test 
238t. 

Test 
239t. 

Test 
240t. 

Test 
243t. 

\o 

4(i25 

480C 

4490 
8.10 

.70 

3141 
3.40 

.02 
.02 

47ti3 
1,30 

.15 
.15 

4930 
1.00 

7.21 
7.21 

7.17 

4932 
0.90 

7.55 
7.52 

7.35 

4977 

"7.'4.V 
7.14 

4832 

vs  ...  per  cent . . 

0.70 

CS.: 
do 

• 

8.91 

d do.... 

quets    as    re- 
percent. . 

ft6..5<i 

Wi.  uo 

8.84 
9.41 

nous  coal  from  the  Pittsburg  bed  one-fourth  mile  north  of 
,  Westmoreland  County,  on  the  Pennsylvania  Railroad,  was 
d  Pennsylvania  No.  19.  The  coal,  as  worked  at  a  depth  of 
t  this  place,  averages  6  feet  2\  inches  in  thickness, 
tmple,  consisting  of  run-of-mine  coal  shipped  under  the 
m  of  A.  K.  Adams,  was  used  in  steaming  tests  498  and  508 
lets),  coking  tests  176  and  177,  and  briquetting  tests  218, 
242. 
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Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
4351  was  taken  1,400  feet  north  of  the  opening,  where  the  coal 
measured  5  feet  8}  inches  in  thickness.  Sample  4352  was  taken 
4,000  feet  south  of  the  opening,  where  the  coal  measured  6  feet  7} 
inches  in  thickness. 

CHEiaCAL  ANALYSES. 
Pennsylvania  No.  19. 


Mine  (tHinplen. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Ash 

Sulphur 

Calorific  value  determined  (as /calories . 
received) \B.  t.  u. . 


4351 
1.70 

4352 
1.00 

2.81 
.-12.21 
5a  71 

6.27 
.99 

2.01 

33.56 

58.11 

6.32 

1.39 

Car 
sample. 


4489 
2.40 

3.39 

31.79 

56.46 

8.36 

1.05 

5.07 

74.42 

1.39 

9.71 


7.862  I 
14, 152 


7.566 
13.099 


Steaming  tests.a 


498. 


3.20 

31.65 

57.32 

7.83 

1.51 

4.86 
77.11 
1.44 
6.94 
&09 
1.56 


508. 


4648 


Biiqoet- 

tiDgtest 

242j«» 


&12 

33.00 

5136 

7.82 

1.06 

4.76 
77.98 
1.41 
6.86 
7.93 
1.11 


.1. 


afio 

1.75 

33.  £0 

5&24 

9.51 

1.36 

4.52 

75.91 

1.35 

7.16 

9.69 

1.38 

7,581 

13,646 


a  Proximate  analysis  of  fuel  as  fired;  ultliimte  analysis  of  drj'  fuel  figured  from  car  sample. 

STEAMING  TESTS.      • 

Ponnsylviuiia  No.  19  (run  of  mino). 


Test  498.    Test  508. 


Size  as  used: 

Over  1  inch percent. 

J-inch  to  1  inch do. . . 

J-inch  to  J-iiK'h <lo. . . 

Under  J-iiK'h do. . . 

Average  diuinrt<T inches. 

Duration  of  test hours. 

Heating  value  of  fjn'i B.  t.  ii.  \H'r  pound  of  dry  fuel. 

Force  of  draft: 

Undig:  stivck  damper inch  water. 

Above  fire : do. . . 

Furnac<^  tempTatun' °F. 

Dry  fuel  used  per  squjin»  foot  of  gralr  8urfae<*  p^T  hour pounds. 

Equivalent  water  evaporated  jx'r  squan>  foot  of  water-heating  .snrfa<v  p«^r  hour, 

pound.s 

Percentage  of  rat4'd  horsepower  of  ]>oil«'r  develoix-d 

Water  apparently  evaporated  jx'r  p<iund  of  fuel  us  find iM)unds. 

Water  evaporated  from  an<l  at  212*'  F.: 

Per  pound  of  fuel  as  fln«d do. . . 

I*er  pound  of  dry  fuel : .  .do. . . 

Per  pound  of  combustible do. . . 

Efficiencv  of  boiler,  including  gnitf jx'r  <»ent. 

Fuel  as  fln'd: 

I'er  indlcatj'd  horsepower  hour IM)undH. 

Per  electrical  horsepower  hour do. . . 

Dry  fuel: 

Per  indicated  horsepower  hour do. . . 

Per  electricjvl  horjw'power  hour do. . . 


67.1 
12.4 
7.8 
12. 
1.99 
9.50 
14.128 


8    [Seep.215w 


9.  .18 
14.270 


0.86 

.19 

2.828 

0.97 
.23 

20.42 

ai).  lui 

3.81 
106.8 

7.48 

4.05 
113.7 

7.  :a 

9.05 

9.35 

10.48 

63.91 

9.20 
9.69 
10.79 
65c  5h 

3.12 

:i.86 

3.07 
3.79 

3.02 
3. 73 

2.92 
,^60 

Remarks.-  Ti'Hi  .508  on  hri(iii<'t.«,  (Miual  piirtH  fnmi  tests  218  and  219. 


TEST& — PEN  K  SYLVAN  lA. 

COKIKO  TESTS. 
Penneylvaniii  No.  19  (run  ol  mine). 


^15 


Slae  OS  lued , .  ^ . . . 
Duration  o!  tpat* 

ToiAlykld 


'ipercwnt. 
/pdan4a, 
■\pe^(^etlt. 


Twt  Hfl.    T«*t  177. 


hfl. 


I2.11Q 

7, ma 

5C4L 

ai5 

2.00 
67.01 


f.  c, 

40 
12,100 
«<,4Q0 
70.17 

2.TB 

72,ftS 


Jfrfftarfci.— T4»«t  176:  GcT«>ci  ht^vy  etskf^;  light  gniy  wiili  ii  littk^  nilvpry  tiepc»it  of  ear> 
bon.  BrittlejiesH  probably  duo  to  unbrokhTi  pioci^a  of  slate,  Tt^t  177:  GockI  heavy 
coke;  light  gray  and  silverj\  CniBhing  iniprovH^  physiftil  properties  of  coke  and 
I  y  ieM .     B  renkiigf* ,  g*  wx  I  lur^t^  u  n  i  f  ( inn  -si  /  M  piM*m. 

Analyses. 


T«ft  m. 

T«»t  177. 

CoaL  \   Cdk^ 

€tmL 

Cok«^ 

Ifolstuft?..    ............. ..,.-„„,„.....,.........^..... 

a  01      1x^4 
x.m       .19 

S7/17       Mt.CKV 
9.16        1L61 

1.  le       %ft'v 

3,57 

mi7 

7,70 
(MS 

0,13 

V^l&UJFnuitlcir^.     _      .    *           .      -*  _..1!»_-»      -.-* . 

.40 

flxi«d{»rbf>ii...,.^_... ...._ - ,,...-_ 

^.45 

Ails.. ,- , „. ..,.. ,..*,*,^,,,^.., 

11. 09 

Salpbar  *.,.. ...., 

.63 

BBIQUETTIII0  TESTS. 
PeniiRylviinift  Nt».  19  (nin  of  niinp). 
TeMtMtJS,  il9,  t42.^Siz^SiS  im*^l:  t  K  i  r  ^-inth,  3  per  rent:  ,'(j  inrh  to  1-inrh,  8.8 
per  cent;  ^-inch  to  i^jpinch,  17  per  cent;  ;fV-i"^h  ^  uV-i'^ch,  26.3  per  cent;  through 
iV-inch,  47.6  per  cent. 

Briquets  with  6,  7,  and  8  per  cent  binder  appeared  equally  satisfactory.  Edges 
were  sharp,  surfaces  hard  and  smooth,  fracture  clear  with  firm  edges.  Renfrow  bri- 
quets had  a  gloeby  surface.  All  briquets  handled  and  piled  well.  For  analyses  of 
briquets  see  page  214  (those  from  teats  218  and  219  under  *'  Steaming  test  508"). 


Test 

218. 

w.  g.  p. 

4683 

6 

8,000 
.3.65 

13,699 
13,540 
16,637 

73.8 
26.2 

7.5.6 
24.4 
70.0 

8.6 

Test 
219. 

Test 
242. 

Details  of  manufacture: 
MarMnA  iiMd 

7 

4,000 
3.74 

13,699 
13,540 
16,637 

78.5 
21.5 

78.8 
21.2 
65.0 

8.4 

Renf. 

Teznperature  of  briquet.s 

Kind 

°F.. 

149 

Laboratory  No.  (see  p.  40) 

Amount 

Wclriit  of- 

Fuel  briquetted 

Briqueta,  average 

Heat  value  per  pound- 
Fuel  as  received 

Fuel  as  fired 

Binder 

Drop  teat  (1-inch  screen): 

jxT  «'nt.. 

pounds. . 

do 

n.t.ii.. 

do.... 

do.... 

per  cent.. 

8 

4,000 
0.431 

13.699 
13.646 
16.864 

78.5 

Passed 

do 

21.5 

Tumbler  test  (1-inch  screen): 

do.... 

91.5 

Passed  (fines) 

Fines  through  lO-mesh  sievo 

Water  absorption: 

Inl3days 

In  10  days 

Average  or  first  8  days 

SDeeillc  sravlty  (apparent) 

do.... 

do.... 

do.... 

do  ... 

8.5 
90.09 

7.9 

do.... 

1.0 
1.124 

1.0 
1.133 

1.0 
1.12S 
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Extraction  aTialyaes. 


Laboratory  No 

Air-drying  loss per  cent. 

Extracted  by  CBti 

Air-dried do... 

As  received do... 

Pitch  in  briquets,  as  received do. . . 


Pitches. 


4806 


89.31  I 


96.90 


FueL 


4681 
1.00 


Briquets. 


Tests    I 
218,219. 


464S 
4.00 

0.04 
5.80 
5.71 


Test2e 


O.SD 

9.75 
9.16 
8.21 


PENNSYLVANIA  NO.  20. 

Bituminous  coal  fix)m  the  Lower  Eattanning  or  B  bed,  li 
miles  east  of  Seward,  Westmoreland  County,  on  the  PennsylTania 
Railroad,  was  designated  Pennsylvania  No.  20.  This  coal,  as 
worked  from  the  outcrop  at  this  place,  averages  3  feet  7  inches  in 
thickness. 

One  sample,  shipped  under  the  supervision  of  John  W.  Groves,  con- 
sisted of  run-of-mine  coal,  and  was  used  in  steaming  tests  (on  briquets) 
512  and  514;  washing  test  194;  coking  tests  179  and  182;  and  briquet- 
ting  tests  198t,  208,  209,  212,  213t,  215,  and  216. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
4349  was  taken  1,850  feet  south  of  the  opening,  where  the  coal 
measured  3  feet  9  inches  in  thickness.  Sample  4350  was  taken  1,050 
feet  southwest  of  the  opening,  where  the  coal  measured  3  feet  5  inches 
in  thickness. 

CHEMICAL  ANALYSES. 

P<'nnsylvania  No.  20. 


I 


Mint'  saniplt's. 


Car 
sam- 
ple. 


Steaming 
tests.  0 


BriquettiDg 
testa.  * 


514. 


4349 
•2.M}  i 


2.80 
17.92 


Laboratory  No 

Air-drying  loss 

i^roxiniate: 

Moisture 

Volatile  matter 

Fixwl  carbon 71.  32 

Ash 7.  90 

Sulphur '      2.  29 

Ultimate: 

Hydrogen 

Carbon 

Ni  trogen I 

Oxygen 


4;iw  I 

2.  (X)  I . 

2.48  I 
17.87  i 

7a  41 

9,24  ' 


4726        4713 


4.00 
15.89 


ia54 
2.K'> 


Ash. 


Sulphur 

Calorific  value  determined  (as  re-  f calories, 
coived) \B.  t.  u. . 


7,<i79 
13.822 


7.415 
13.347 


a50 
19.98 
t>7.7l 
a  81 
1.59 

4.39, 
81.00  I 
1.06  I 
Z72 
9.13 
1.64  , 


279 

21.11 

07.79 

&31 

1.91 

4.42 
8a  25 
1.09 
a73 
&55 
1.96 


198t. 


4769 


213t. 


4885 


a  10 

19.23 
04.38 
ia23 
268 

4.20 
7&12 

1.09 

283 
ia90 

286 


1.23 

iai5 

2.98 

4. 56 
79.21 
1.12 
L51 
ia58 

ao2 


a  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample, 
t  Proximate  analysis  of  fuel  as  received;  ultimate  analysis  on  dry  basis. 
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STEAJONG  TESTS. 

Pennsylvania  No,  :J0  (briquelB), 


217 


TtMt  fiU. 


Aznper- 


.......................  .hour*. 

.E.  t  IL  per  poiind  of  dry  fud , 


.do. 


Hquare  Foot  of  gmte  surfA<^#  ptr  hoijr- .  _  _ .poundit. , 

e»VELpor&t^  per  miiULT^  loot  of  wiitt!r-hcsiitLn|{  Durface  per  hour^ 


ofX  boracpawi?r  of  hollar  devptoppd ...,..„,, 

eivaporatfsl  par  pound  of  fuel  1^9  Urtd .,._,..,. .  .poundil. 

from  luid  nt  2L2  ^F^ 

l^ilaAArod,. ,.....,,. .-,_. do.,. 

HTl^Ki ^ -^ - -.do... 

»otabiiitlbL«....... ,.„,...._ :,p...,..„do.-. 

V  Inf  iuding  gr&tf .per  oenl. 

bOTvepowfir  hour ,^-,^.^,.,.^,^ ...^.^.^.-.^ piMiTUti. 

lorivpow^rboiir*,  ,,,.-**,,..*,,,,-,., .,,do,.* 

liorMlfOvv-er  botir ..., do.— 

iorv«ipow«r  hour.,,...  ^,,..^..H,.,,*.i,*. .,,,*, 4. *.,,,.,.,.,., do... 


7.flS 

t4,»>et 
am 

27-52 
ti7 

7.01 
4  4i 


^512  on  liriquetfl  in^rn  tostfl  215  and  21G  (**qtial  w*^iglU»);  briquetp 
with  intdisc^  htiat  and  iic»  sraoko;  31  per  cent  rlink*^r,  Te^i  514  on 
esLH  20s  and  209  (**qual  wtnght*);  briquet*  burned  freely,  with  intense 
oke;  5C(  per  cjent  clinkfT. 

WASHINO  TESTS. 
Pennsylvania  No.  20. 
oration  of  test,  2}  hours.    Size  as  used,  through  1-inch  screen.    Jig 
ipeed,  70  r.  p.  m.;  stroke,  2}  inches.    Raw  coal,  22.21  tons;  washed 
,  78  per  cent;  refuse,  4.96  tons,  22  per  cent. 
Analyses. 


pie  tested. 


f,^: 


Lab. 
No. 


4517 
4553 


Mois- 
ture. 


4.00 
6.48 
10.21 


Ash.             !         Sulphur. 

Percent 
reduc- 
tion. 

10.64    2.86 

6.76                36            1.30 
46.25    17.40 

64 

Float  and  sink  tests. 


Analyses. 


Ash. 

Sulphur. 

Per 

Per 

Per 

cent 

Per 

cent 

cent. 

reduc- 

cent. 

reduc- 

tion. 

tion. 

4.95 

53 

0.93 

67 

5.66 

46 

1.24 

67 

4.72 

.W 

1.02 

64 

6.07 

42 

1.09 

62 

5.42 

1.69 

5.69 

1.69 

6.45 

2.16 

7.H9 

2.08 

e  that  finer  crushing  is  advantageous.    Loss  of  "good  coal"  in  the  refuaevrVW  tvox 
By  "  good  coal "  is  meant  all  coal  of  a  quality  equal  to  or  better  t\\aii  XYvokl  ol  \Ym 
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COKINO  TESTS. 
Pennsylvania  No.  20  (run  of  mine). 


Test  iffi 
(w.). 


Size  as  used *. 

Duration  of  teat houn. . 

Coal  charged pounda.. 

coke  produced ^t^ii: 

Breer.  produced HS^SSt" 

Total  yield do 


Remarks, — Test  179:  Light-gray  and  silvery  color;  soft,  dense  coke;  high  ash  and 
sulphur.  Test  182:  Gray  colof;  soft,  dense  coke;  ash  and  sulphur  reduced  by  wash- 
ing; no  improvement  in  physical  appearance. 


Analyses. 


Moisture. 

Volatile  matter. 
Fixed  carbon... 

Ash. 

Sulphur 


Teat  179. 

Test  182. 

Coal. 

Coke. 

Coal. 

Coke. 

3.91 
10.36 
68.30 
11.44 

2.78 

a30 

.28 

84.95 

14.47 

2.31 

6.30 
17.04 
69.58 
7.08 
1.34 

a  51 

.58 

89.85 

9.06 

1.11 

BSIQUETTINO  TESTS. 

Pennsylvania  No.  20  (run  of  mine). 

Tests  198 y  208,  and  209.— Size  as  used:  Over  }  inch,  0.8  per  cent;  ^  inch  to  {  inch, 
3.6  per  cent;  tjV  inch  to  ^^jy  inch,  11.2  per  cent;  ^V  ^^^^  ^^  A  inch,  27.0  per  cent; 
through  ^V  inch,  57.4  per  cent.  Briquets  from  both  machines  had  similar  appear- 
ance, with  smooth,  hard  surface;  were  very  brittle,  and  broke  with  a  glossy  fracture 
and  sharp  edges.  The  percentage  of  binder  seemed  to  have  little  effect  on  brittleness. 
although  Renfrow  l^riquets,  with  8  per  cent  binder,  handled  with  less  breakage. 

Tests  212,  21,3-\,  215^  and  216  (on  washed  coal). — Size  as  used:  Over  \  inch,  0.8  per 
cent;  jV  inch  to  }  inch,  4.8  per  cent;  .}q  inch  to  jV  inch,  16.0  per  cent:  ^\y  inch 
to  2V  inch,  20.0  per  cent;  thn>ugh  ^\  inch,  52.4  per  cent.  There  was  no  notice' 
al)le  difference  between  these  briquets  and  those  made  from  raw  coal. 

For  analyses  of  l)riquetssee  page  216  (those  from  tests  208  and  209  under  "Steaming 
t(*st  514;"  from  t<»sts  212,  215,  and  216  under  "Steaming  test  512"). 


T.'st 

iw<t. 


Tt'st 
20H. 


T«-st 
209. 


Test 
212. 


Test 
21 .3t. 


Test 
215. 


Ti'St 
216. 


Details  of  manufactunv 

Machine  used Eng. 

Temperatun*  of  l>riqiua8 l.Vi 

Binder- 
Kind  w.  g.  p. 

Laboratory  No.  (s««  p.  4<)) 4683 

Amount per  cent . .  6 

Weight  of- 

Fuel  briquctted pounds.       3,200 

Briouets.  average do :t  .S2 

Heat  value  per  pound  -  I 

Fuel  as  received B.  t.  u.  .1  13,347 

Fuel  as  fired «lo. ...    13, 198 

Binder lo....    lrt,6.'J7 

Drop  test  (1-inch  screen):  I 

Held per  cent . . !      74. 8 

Passed do ... .       25. 2 


Kenf. 
158 


Renf.      Kenf. 
l.Vi  158 


Kenf. 

158 


Eng. 
iTtt 


w.g.p.    w.g.  p.    w.g.p.  1  w.g.p.  I  W.fi 
4«H:<         4tm         4«8;<  ; 

8  7 


4,500 
0. 451 

13,347 
13,981  j 
16,6,37 

19.5 
HO.  5 


8,000 
0.  457 

13,347 
13,1»81 

26.0 
74.0 


6,500 
0.427 


14,6,'» 

23. 0 
77.0 


8  , 

6,500 
0.458 

14,639 
13,896 
16,637 

19.5  I 
80.5 


Eng. 


w.g.j 


6,400 
a63 

14,639 
13,988 
16,637 

74.6 
25.4 


3,300 
3.44 

14,639 
13,988 
16,637 

71.9 
2&1 


TESTS — PENNSYLVANIA. 

BBK^UETTINQ  T£&TS^-Cofltinue<l, 
FetmHylvania  No.  2Q  (fub  of  mme). 
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Ti3iiilileTtHt  (Wnch  dcfwrn): 

FIc4d .....■-..  .per  cent. . 

Pa«Md  (flmw)  ..„,_,.,,.  ^ . , do  _  _ 

Ftnes  thiwagti  lO-mevh  Mev^ do ... . 

W»t?r  absorption: 

In  i'A  dA^w d(i^- ... 

AT«nig«  fbr  first  6  d«T»*^ *-,.-.!,. do,.,. 


T«9t 


71. 0 
29.  ft 
06.4 

14  5 


Teat 


M.0 

15.5 
2L7S 

Lll 


Te«t 


aL5 

ISO 
3.00 
1.127 


319. 


ff7.0 

!ai.o 
ig.t) 

L043 


Teat 


04.0 

ST.  3 

14.6 
2.50 
L144 


Tat 


74.0 
2010 

«.5 
tllS 


Tat 
31i. 


7a  A 

21;  5 

7a  I 
11.0 

Lfii 
i.m 


Extmctiim  oncr^yjf^. 


• 

Pltoh. 

Fuwl. 

Briquet*. 

T*«t 

iwt. 

'TefltA 
208,209. 

T«4lt 

213t^ 

Te«iti» 

215,  216. 

LdiltormtoiT  No, -,^.. 

AiT-aiTing  lOBfl ..„,.. 

EjrtrM^t^dbvCSt: 

Atr-^ripd , , .  _ 

.penmnt.. 

Mm 

4408 
!klO 

.w 

4709 

4713 
i.00 

a73 

a4i 

4a»5 
aflo 

a.  03 

7,S8 
7*«3 

4726 

:iio 

do.... 

0.00 

do.... 

mkzi 

&0L 
fi.37 

PKNKSYIjYA^IA    no,   21, 


Bituminous  coal  from  the  Pittsburg  bed,  2  miles?  Bouthwe^t  of  Con- 
nellsville^  Fayette  County,  on  the  Peniusylvania  Railroad,  wa8  desig- 
BAted  Penns^'lvania  No.  2L  The  coal,  as  worked  at  a  depth  *»!  315 
feet  at  this  place,  averages  7  feet  6  J  inches  in  thickness. 

,One  sample,  shipped  under  the  sujiervision  of  A.  K-  Adams,  con- 
■  listed  of  run-of-mine  coal,  and  was  used  in  coking  tests  183,  187,  189, 
191,  and  192,  and  cupola  test  190. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  4411 
wag  taken  6,500  feet  northwest  of  the  openin*^,  where  the  coal  meas- 
wd  7  feet  5i  inche^s  in  thickness.  Sample  4412  was  taken  9,000  feet 
northwest  of  the  openinj;,  where  tlit^  t{»al  nieasuretl  7  feet  8  inches  in 
thir^knese. 

CHZinCAL   ANALYSES, 


Pi'iinsylvania  No.  21. 


Uboratory  No 

Air-drytaig  lOM 

Proiinutte: 

Moirture 

VoUtile  matter. 

Fixed  carbon... 

Aih 

Sutpbur 


Par 

Mlnesamplos.l^^fp'^^^ 


4412 
1.80 

2.82 

29.97 

50.84 

7.37 

1.22 


4411 
1.40 

2.40  ! 
29.90  1 
60.48  ' 

7.22  I 


4609 
4.20 

5.13 
27.87 
58.29 

8.71 


Mine  samples. 


Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  -^,-_,-_        7  ^^ 


Car 
sample. 


4.91 
73.13 

1.50 
10.80 

7,525 
13,365 
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COKINO  TESTS. 

Pennsylvania  No.  21  (run  of  inine). 

I 


Sizeaaaaed. 


Daration  of  test ..'. hours. . 

Coftl  chaiiged pounds. . 

Cokeprodn«l Lir^^niV. 

Br«„p™la«d fp^-d-:: 

Total  yield do ... . 


Test  183. 

Test  187. 

Test  189. 

Test  191. 

Not 

f.c. 

Not 

Through 
l-in^ 

crushed. 

crashed^ 

screen. 

70 

78 

51 

47 

15.140 

14,360 

12,450 

11,940 

10,200 

9,982 

%% 

7,963 

e7.37 

60.51 

6a.  69 

401 

326 

319 

368 

2.65 

2.27 

2.56 

3.08 

7a02 

71.78 

78.49 

68.77 

1 

Throqdi 


4i 
ll,5fl0 
7,7S 
67.21 

339 

7a  19 


Remarks. — Light  gray  and  8ilver>';  gotxl  heavy  coke. 

Analyses. 


1       Test  183. 

Test  187. 

Test  189. 

Test  191. 

Test  192. 

Coal. 

Coke. 

Coal. 

Coke. 
0.03 

Coal. 

Cx)ke. 

Coal. 

Coke. 

ass 

Coal. 

Coke. 

Moisture 

5.37 

0.71 

5.53 

4.05 

0.82 

4.28 

3.58 

a29 

VoUtile  matter . . 

.     28.33 

.12 

27.97 

.06 

29.26:        .21 

29.92 

.15 

28.86 

.« 

Fixed  carbon 

.;    59.07 

88.24 

57.81 

87.78 

58.29  '    88.22 

58.22 

88.54 

cais 

88.54 

Ash 

.        8.23 

10.93 

8.09 

10.93 

8. 40       10. 75 

7.58 

ia96 

7.43 

ia48 

Sulphur 

.:      .80 

.82 

.80 

.(i2 

.93          .81  1 

.95 

.87 

.91 

.76 

Cupola  test  of  coke  viadefroin  Pennsylvania  No.  H  coal. 

CHARGE. 


Cupola 
test 
No. 


Coke.a 


Test 
No. 


187 


Specific   Ratio 


grav- 
ity. 


1.90 


iron  to 
coke. 


Divisions  of  charge. 


Materials. 

1 
1. 

2. 

1 

3.      I 

4. 

5. 

Total. 

Coke 

Pig  iron 

Scntp 

Lbs. 
210 

210 

Lbs.    i 
55 
405 
135 

Lbs.    \ 
55  1 
405 
135 

'  Lbs. 
55 
405 
135 

Lbs. 
55 
405 
135 

Lbs. 

430 

2.251> 

750 

a  Sulphur  in  ash,  0.0115  per  cent. 
RECORD  OF  MELT. 


Blast  pn'ssun*. 


Cupola 


I      On  at 


WO  ',  11. 00  a.  in. 


LhcIU'  No. 


.Maxi- 
niuni. 


Iron 
run- 
ning 
in  - 


Afin. 


Weight  of  iron. 


Melting. 


,  Recovered. 


I  Addl- 

TounMl.   tional 

I  nnUted 


Lbs.    I 
1.793 


Lbs. 


I  Rate 

Total.;  Time.  I    per 
'  hour. 


I 


Lb.9. 
2,4H4 


Afin. 
25 


Lbs. 
5.9«i2 


Ratio 

I  iron  to  Loss, 
coke. 


\Perct.i 

i  !  la  16 


Iron.  Coke- 


Lbs.    Lbs. 

211       yo 


LADLE  RECORD. 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9.. 
10. 
11. 
12.. 


Pounds. 


01 
132  I 

80 

62  1 
147 

55 

49 
136 

73 

52 
125 

83 


Time 
(tt.  m.). 


11.10 

11.13 

11.15 

11.17 

11. 17J 

11.18 

11.20 

11. 20) 

11.21 

11.22 

11.22J 

1L23 


Ladle  No. 


n^„„  .„  '     Time 
I  Pounds.     (^  ^^ 


52 

11.25 

72 

11. '25* 

30 

11.26 

89 

11.261 

132 

1L28 

64 

11. 28) 

44 

11.29 

28 

11.29J 

100 

11.38 

23 

11.38) 

87 

11.39 

17 

1L39 

Reniarks. —Test  190:  Temperature  of  iron,  medium.     Blast  off  8  minutes. 


r 


TESTS — PENNSYLVANIA. 


321 


Bitummous  coal  from  the  Pittsburg  hetl  at  Huff,  Westinoreland 
Comity,  on  the  Pemiisjdvaiiia  Railroad,  wa^  designated  Pennsylvania 
No.  22, 

One  sample  of  this  coal,  wiiicli  is  worked  from  the  outcrop  at  tliia 
placo,  shipped  under  the  supervision  of  John  W,  Groves,  con^ted  of 
run-of-mine  coal  and  was  used  in  steaming  t^st  510  (on  briquets), 
producer-gas  test  159>  antl  briquetting  tests  21  If,  222,  and  223f» 
N  u  mine  sam  ple-s  co  ve  ri  ng  1 1 1  i  s  s  lii  p  ni  e  n  t  we  re  taken* 

CHEICIGAL   ANALYSES. 
Peiiiijaj'lvaiua  No.  22. 


BtnuD- 

mo,* 

Briquetting  %mU^ 

auf. 

mt. 

Liibor^tory  No ^-^^^,^----.^.*--^.^*....^^,^..^.^.  .,«...^ ., 

a  10 
LOO 

4.  mi 

LM 

Arm 

4dH 

470fl 

JUr-dr>ittgioiu>,,, ,- .-„....„..,,..- 

JO.  17 
L17 

75.40 

10.72 
L23 

I.  la 

4.^ 

6.4J 
10.80 

i.ie 

a^Aft 

VolALUem&tter..^ , *...„.,— .,.,,*..^. 

aovfi? 

Fl^ed  cBJfboJi  *  .^«*.,,,,-.,««*^-«,,,...,.-^,,..i^ ,---** 

S427 

Aili. -,..,.-......-_* * _ **,* 

n.ei 

^lilpliiir      ......<..*..*.<,.^>..P*^.*'-'».L^,,,,,.. ..,,.».,,» 

1,07 

».55 

C^U>n. , .- - ^....  _,,,,.» 

7.^94 

NltTOften         -     *..**,«  .^.,.^*.. ..>......,* ,.*->...., 

1.34 

Oxtinn-  - . ^ ■--- ._-_», .^_-_-_- ,^^^ i__-K.i._. 

0.12 

Aifi^  „„„„„- „„„:.:_„... ..-,:_. 

12.04 

Bulphux. . 

1.11 

CidDrific  iTiJuc  dfllennlnod  (ai  m»I vwl) {ff  *  t^^u" ' ' 

«  Proxiioate  AiMl]r«i«  of  fuel  M  hrvii:  uJtlnmtct  HimlydLft  of  dry  fui?l  figured  from  co^r 
^  PfOXlmAt«  Aiulysl*  of  fuel  as  receivHl;  ulUmatt^  analysis  on  dry  baiil«. 

ST£AHlKe   TEST. 

PeiiDe$ylvaiiia  Nu.  22  (English  1>riqu«^td). 


goatfon  of  tPRt .hoy n. 

Bftttne  Talue  of  fuel*  .,„........._,,. ^ , . . . .  _  B,  l,  u.  per  poiutd  4ry  coat 

F^nn  of  draft: 

trndflr  «tack  damper ,,..., ,,,.,.._.._,..,..,..„_..,.,.„. ,^ „ .Itich  waWr, 

A^bo^eflre. .,,...,.... .....do... 

In  a«1i  pit  (Ion.-ed  draft)  .,,_„.,,..,„, _....,„ .  „  „ „.„.,„„„_..,„„ 

B17  ttid  tlHd  per  equarc  foot  of  ^raUf  Burface  pL>r  hour ............. .pounds. 

i£qpTalfint  water  ^vapt^rat^l  ti«r  sqnar?  loot  of  witt«^r-h»itlng  aurfae^  per  hour do... 

FoTPntaK*'  fl'  rated  hortepowtr  of  Iwriiler  doveJoped .do . . . 

Witcr  appar*?ntJy  pvapomtJad  per  ptmnd  of  fuel  iia  flrcd.  .*.,,...., ^...,.. pounds. 

Wftt^r  pvaporat«i  irotn  *ttiI  at  212"  F.: 

Pit  pound  of  rti*l  a*  flrwi... do.*. 

Per  pound  of  dry  fiu'L. ..,...,.*,,....,-, ^^..., ^. ,....*..,_.*,.,,.,,*.. do... 

Per  pound  of  coTTi  lnmlU>lp - , - do.  _* 

Efficittooy  of  Isoiler,  lnoludin*fi}n^te.. ., ...... ^^...^^^^^ ^_....._^^-.._,,, per  cent. 

Ftlil«adF«l: 

1^ Indicated  horwpower  hour ..,.....,.  ^ ^,. ,....,, ,.*•,..„ 4... pounds. 

pet  edectrtcal  horsepower  hour. _ , _ _. .do. . . 

Piy  fu^d: 

Ppr  lnd|cat«l  horgapower  hour ............... ..,  .do. . . 

P«r  flteetrtcal  horsepowf  r  hour  — . .  —  ..... . . , . , , , ,  „ _  _  .do, , . 


Twit  aio. 


«.t7 


0.M 

.ce 

.4S 

10.63 

3.fiO 

96.1 

&gi 

8.40 

».V2 

m.aa 

fii.t? 

S.34 

4.U 

a.  17 

3.« 

Remark*. — Test  made  on  ])riquets  from  teste  222  and  223t  (equal  weightfiV,  iM^\ 
boraed  freely  with  intense  heat  and  no  smoke;  47  per  cent  clinker. 
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REPORT   U.  S.  FUEL-TESTING  PLANT,  1906-7. 


PB0DUCER-6A8  TUT. 

Pennsylvania  No.  22  (run  of  mine). 

Test  759.— Duration  of  test,  50  hours.    Average  electrical  honepower,  197.7.    Avw- 
age  B.  t.  u.  per  cubic  foot  of  gas,  145.6.     Total  coal  fired,  11,700  pounds. 


CoftI 
as  fired. 


OOil 


OOB- 


Coal  consumed  in  producer  per  hortepower-hour  (jtoundt). 

Per  elfictrical  horsepower: 

Coxnmerciallv  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


Equitxilent  used  by  producer  plan{  (pounds). 


Per  electrical  horsepower: 

Ck>mmerciallv  available 

Developed  at  switchboard. 

Per  brake  horsepower: 

Commcrciallv  available 

Developed  at  engine. 


1.23 
1.18 


1.06 
LOl 


1.31 
1.36 


Lll 
1.07 


l.\J 

LOO 
.07 


L36 
L21 


1.07 
LOS 


LOS 


LOB 


Ancdyns  of  gas  by  volume,  ^ 

Carbon  dioxide  (COt) lai 

Carbon  monoxide  (CO) 17.6 

Hydrogen  (Hi) 13.3 

Methane  (CHi) 2.3 

Nitrogen  (Ni) 66.4 

Ethylene  (CjHi) 4 

BRIQUETTING  TESTS. 

Pennsylvania  No.  22  (run  of  mine). 

Tests  ^ll\j  222,  and  223^. — Size  a»  iised :  Over  J  inch,  1.6  per  cent;  ^  inch  to  J  inch, 
17.8  per  cent;  aV  i*^^*h  to  i\y  inch,  33.4  per  cent;  ^(^  inch  to  ^  inch,  23.2  per  cent; 
thrt)ugh  ^Q  inch,  24  per  cent.  English  briquets  with  7  per  cent  binder  showed 
better  outer  surface  than  those  with  (J  per  c(mt  binder.  In  all  briquets  surfaces  were 
hard,  clean,  sharp,  and  glossy,  with  characteristic  fracture.  Renfrew  briquets  dropped 
from  bolt  without  breakage. 

For  aiialysesof  l)ri(iuct«  see  page  22 1  (those  from  test  222 under  "Steaming  lest  510"). 


Test  21  If.  Test  222.  Tert  233t. 


Details  of  rnanufuctun>: 

Machine  UHod Renf. 

Tempera turp  of  hriquots ^¥..  158 

Binder—  ' 

Kind w.  g.  p. 

laboratory  No.  (««<•  p.  40) 4^ 

Amount per  cent. .!  7 

Weight  of - 

Fuel  briquetted pounds. .'  4,000 

Briquets,  average do 0. 442 

Heat  value  per  pound- 

Fuelas  received B.  t.  u..  13,311 

Fuel  as  fire<l do. . . .  13,561 

Binder do....  16,637 

Drop  te^t  (1-inch  flcn>cn ) :  i 

Help p«'r  cent . . '  64. 5 

Passed do 45. 5 

Tumbler  test  (1-inch  screen; : 

Held do....'  85.0 

Passed  (fines) do. . . .  15. 0 

Fines  through  10-mesh  sieve do ;  90. 8 

Water  absorption:  | 

In  13  days do 11.7 

Average  for  first  6  days do 1. 78 

Specific  gravity  (apparent) 1. 110 

a  For  analyses  of  fuel  used  see  p.  221  (sample  4496). 


^% 

■^s 

7 

6 

19,000 
3.87 

3.200 
a93 

13.311 
13,183 
16,637 

13.311 
13,275 
16.637 

79.8 
2a2 

62.2 
37.8 

73.7 
26.3 
65.0 

67.8 
32.2 

Tao 

9.6 
1.48 
1.160 

fiL9 
1.38 
1.164 

TEBTS RHODE    ISLAND. 


S23 


EzfrocEicm 

ttnal^teg 

* 

l*ltcfe. 

FlMl. 

Brtquot«. 

; 

Te«t2Ut 

TiWrt223. 

Terta23t. 

pl>f%tory  Ko ir     *,K».<.-*-fi...»^'^---  ---- 

I6S3 

4«W 

,77 
.76 

4<»4 

e,77 
e.7« 

4704 
4.00 

ITW 

|j^<^tryii^  Itmm. 

nQrmnt 

2.% 

IKtrurMbrCBi: 

(Jp.,-- 

Ci.SG 

do..,. 

iIei 

m>3i 

e.20 

1 

RHODE  ISLAND. 

RHODE  ISI^iKll  NO,  1. 

Anthracite  graphitic  coal  from  Cranston,  Providence  County  (near 
Providence),  was  desi^ated  Rhode  Ishind  No.  1,  This  sample  was 
tnined  from  surface  workings  at  Cranston,  and  C43mmen::ial]y  would 
be  classed  as  run-of-niine  coal.  It  was  shipped  under  the  inspection  of 
J,  8.  Burrows^  and  was  used  in  making  steaming  test  401 ;  also  mixed 
•fith  Utah  No,  1  in  steaming  tests  (on  hrtquets)  414  and  41.5,  coking 
tests  141  and  157  (see  p.  263),  ami  briquetting  test  127  (seu  p.  264); 
mixed  with  Utah  No,  2  in  steaming  test  416  (on  briquets)  and  briquet- 
ling  test  133  {see  p,  266) ;  mixed  with  Peonsylvania  No.  1.5  in  briquet- 
ting  te^t  184f  (see  p,  204);  and  mixed  with  Pennsylvania  No,  IS  in 
triquetting  test  24 3f  (see  pp.  212,  213). 


CHEiaCAL  ANALYSES. 

Rhcxie  Island  No.  1. 

• 

Car  sam- 
ple.- 

Steaming  teats.* 

401. 

414. 

415. 

416. 

Uboratory  No 

3216 
2.00 

2.41 

Air.<]rying  |nM .  „ . . 

:::::::::::::::::::: 

ProxiinAte: 

Moisture 

2.33 
2.47 
7^72 
16.48 
.08 

.67 
79.49 

.18 
2.71 
16.87 

.08 

2.45 
24.21 
62.60 
10.74 
.41 

2.05 
7^63 
.74 
6.25 
11.01 
.42 

2.27 
22.20 
65.29 
10.24 
.41 

3.13 
77.64 
.74 
7.50 
10.48 
.42 

5.85 

Volatile  matter 

4.92 

73.61 

25.20 

Fixed  carbon 

50.56 

Aah       

19.06 
.07 

.90 

9.30 

SulDhur       

.85 

ntiiSSB:   

HTdrosen    

2.94 

Carbon 

Nitrogen , 

SS"^";.:::::::;:::::::::::::;;::::;::::;:::::: 

75.10 

.17 

4.70 

76.42 

.73 

9.04 

9.97 

Sulphur 

.90 

Calorific  value  (as  received): 

fcalorirs.J       6,109 

\R    t    11        i        10  QQfi 

Determined 

1 

Calculated  from  ultimate  analysis .  -  -{b^?|^u®:  ; 

'        6. 176 
I       11,117 

1 

•  Sample  from  produoer-gas  test  1 13  (failure)  treated  as  car  sample. 

t  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
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STEAMIHO  TI8T8. 

Rhode  Island  No.  1  (briquets). 


Duration  of  test hours. . 

Heating  value  of  fuel B.  t.  u.  jter  pound  dry  fuel. . 

Foroe  of  draft: 

Under  stack  damper Inch  water. . 

Above  flre do 

Furnace  temperature °F. . 

Dry    fuel    used    per    square    foot    of    grate    surface    per 
hour pounds. . 

Equivalent  water  evaporated  per  square  foot  of  water-heating 
surface  per  hour pounds. . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water    apparently    evaporated    per    pound    of    fuel    as 
flred pounds.. 

Water  evaporated  from  and  at  212  °F.: 

Per  pound  of  fuel  as  flred do 

Per  pound  of  dry  fuel do 

Per  pound  of  combustible do 

Efficiency  of  boiler,  including  grate per  cent. . 

Fuel  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  fuel: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


Teat«)l.  TC«t414.  Te0t415.  Testlli 


&05 
11,«» 

0.54 
.18 
(•) 

20.22 

l.OB 
65.8 

4.19  I 

4.81 
4.03 
7.70 
40.91 

5.88 
7.26 

6.74  . 
7.081 


5.0 
12,845 

0.«7 
.21 


18.42 

2.00 
83.0 

6.75 

7.86 
8.05 
0.35 

ea52 

3.00 
4.44 

3.51 
4.34 


6.0 
12.823 

0.02 

.06 

2,119 

19.01 

3.25 
91.0 

7.1/ 

8.36 

&55 

9.75 

64.39 

3.38 

4.18 

3.31  , 
4.08  I 


iSlI 


a  Too  low  to  be  read  ^ith  Wanner  optical  pyrometer.    Forced  draft  used  on  this  test. 

Remarks. — TestD  414  and  415  on  briqucte  made  from  Rhode  Island  No.  1  and  Utah 
No.  1,  mixed.  (Sec  p.  264.)  The  briquets  burned  freely,  with  short  yellow  flame;  did 
not  (rrark  open,  but  coked  throughout  and  held  together  well.  No  smoke;  burned 
very  much  like  anthracite  except  for  color  of  flame.  These  comparative  tests  on 
Rhode  Island  Xo.  1  coal  gave  only  55.8  per  c<'nt  capacity  and  were  unsatisfactory.  (See 
tent  401  above.)  Heavy  clinker,  which  was  tough  and  plastic  when  hot  and  brittle 
when  (!old,  but  did  not  Htick  to  the  grate. 

Test  410  on  briquc'ln  from  tent  133  made  from  Rhode  Island  No.  1  and  Utah  No.  2, 
mixed.  (See  p.  2H(}.)  With  natural  draft  the  l)riquets  burned  with  a  very  short  flame: 
with  forced  draft  they  l)urned  with  a  longer  flame,  giving  a  hotter  fire.  Briquets  did 
not  coke  or  hold  together  well  in  the  fire.  No  nmoke;  see  briquetting  tc»8t  127  (p.  2H4) 
for  comparative  data.  No  clinker;  a  large  amount  of  ash  resulted,  due  to  the  cnini- 
bling  of  the  briquets  and  the  falling  of  the  l(x>se  particles  through  the  grate. 


TENNESSEE. 


TENNESSEE  NO.  1. 

Bituminous  coal  from  Fork  Ridge,  Claiborne  County,  on  the  Louis- 
ville and  Nashville  Railroad,  was  designated  Tennessee  No.  1.  The 
coal,  as  worked  at  a  depth  of  52  feet  at  this  place,  averages  4  feet  3 
inches  in  thickness. 

This  sample  consisted  of  run-of-mine  coal,  was  shipped  under  the 
supervision  of  W.  J.  Von  Borries,  and  was  used  in  making  steaming 
tests  344,  345,  and  346;  also  steaming  tests  409  and  411  on  briquets 
made  from  washed  coal;  producer-gas  test  115;  washing  test  171; 
coking  tests  133  (raw)  an(l  153  (washed  );  cupola  tests  99,  126,  and 
128;  and  briquetting  test  130  (washed  coal). 


r 


TEBTS — TKM  N  KSSEE. 
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Two  mine  samples  were  taken  for  uliemical  aimlysk.  Sample  2907 
linfts  taken  4,000  feet  northeaiit  of  the  .slope,  where  the  coal  measured 
I  feet  4  inches  in  thickness.  Sample  2008  was  taken  4,400  feet  east 
jf  the  slope,  where  the  coal  measured  4  feet  3  inches  in  thickness. 

CHEKICAL  AKAIYSBS. 


h 


Fixed  CBT^Hni. -.„_,-.,.._ -. 

A«h...,, ,.,....,.„ 

Sulnhur , 

itlnuU: 
Hydrpgen.... , ,,...^^.. 

Nltrtjgpn , ^._-,„,-- 

OAyg^n...**.*^»-.*,^.*..i-4....^ 

Sitlphiir  ....** ,,...,.,,- 

ri^  volin  {Ad  rscdvedli: 

Determined,... -{^I^'': 

Ci&lcuUtiid    frum  iiltl-'/calo]ii?i«^ 
mate  anal/BJff \H,  t.  u. . 


Car 
If  Ine  ■ainpk'A.     mm.- 

,     pic  .4 


3907 

3.71 
4.74 


3006 

54  03 


aoie 

I L.  U 

ISO.  23 

LOO 


e,fiQ7 
12,43a 


SteiMalzv  t«it«.B 


3H. 


i4& 


34a. 


4.  SI 
U.  IS 

183 

72.72 

7.40 
1L71 
1.06 


lOH 

50,67 
11.17 
L67 

4S4 

rj.71 

7.30 

11.  &4 

L74 


420 

»1.7S 

£aoQ 
14  ai 

Lm 

70.37 

7.  IT 
14IM 
L£l 


zrta 

37,00 
54  351 

aw 
1.  n 

JkG8 

7ft.  ttt 

1^71) 

L20 


41L 


L9e 
saw 

■■1411 
7h30 
1,12 

4  SI 

77h30 
1.&3 
7.61 
7,« 
1.14 


•  Sample  Irom  uteamlug  t«st  S44  tiBatod  as  car  Aomplii. 

*  Fniximftte  anftljila  of  fuel  h»  Hivd:  iiltituAte  aHftJy^lii  of  rlry  iu&l  figuiod  from  e^r  sample. 

STIUUtDfa  TESTS. 
Tcauijeaiiee  No.  1  (run  of  mine). 


O-wr  3  lucbes.  * .per  cent. , 

0  ver  3  Jnchea. ..  .,.^ ,,,.,.,  ^,^  ,^, ,...,...,  ^do. ..  - 
Over  t  ineU,. ,..,..do 

1  inch  to  I  iDch,^.*.^^..^^.,..^-^.^ do^^.. 

{  Itwh  to  I  indi--.- ..-.._,, .,_..do.... 

Under i  inch..,, -,,„,,.,,_.,.,..,,. .,.„^ ..do,..,. 

Damtion  ol  test iMJUfii. . 

Fleatiti^  V Alt>o  of  f^iel. , .  .fi.  t.  iLporputind  dry  fuoU . 
Feme  of  draft: 

UrtcV*r  Bta<?k  danaper^ ...._. inoh  wttt*r_ 

At>ove  flro do. . . . 

Fuma<*  tt'tapfifatun^,  ......,..„, „ . . , . ..'^ F_ 

Dry  fuel  used  per  square  fcmt  of  gralc  surface  per 

hour. . . _....._.,„._»,., . . , . .  pouDdM. . 

Equlv^nloDt  water  evaporated  pc^r  sqmn?  foot  of 

watj^r-hpoting  flOrf»en  per  hour ...pounds  , 

EVfc^ntago  of  rut^  homcpciwej  of  Ifliler  developod. 
Water  Bppflj^ntly  evaporated  ppr  poiiml  of  [rn4  us 

flrrd .-_._... , . .    pounds. . 

l¥aterm'EiporBtiyl  from  and  at  212''  F: 

Per  pound  of  fiwl  us  fired. poundN. . 

Pfer pound  of  dry  fuH __, . ,_do_,. 

Per  pound  ofcombuilible...... ....  .do..^. 

E  Jfkaenry  of  luiilet,  Including  grate pnr  cent . . 

Fi*el  a»  fired: 

Per  tndk»ted  horffppowf  r  hour. . , , ,  ..pouiidti. . 

Per  frjecirlcal  horsepower  hour. .do. . . . 

[>ry  fuel: 

Ptf  itjdicated  horsepower  hour. ..,,,,..  ,do ... . 

Ptir  electrical  horsepower  hour .do . . . . 


Tf^a«344.   T^t345.    't^DHtS4e.    Test40».   TQ»t  41L 


14  7 

U8 
10.0 

ta,ao7 

0.55 

ao.j^i 
im.7 

7  0S 

a.  47 

10.31 

c5<oa 

4  12 
5,1^ 


40,8 

"ll.l 
mi 

13.2 
7.3S 

13,207 

.IS 

'i,45S 


43^a 
37.2 
114 
7.4 
0  2 
7.03 

12,  rri 

0.74 

.30  I 


I 
^9epp.33fti  Bwp.338 


10  08 

OlGS 
.13 

2,mi 


22.  7S 

2:1.22 

:!0,m 

^08 
ill.  7 

itir»,5 

3,ia! 

7.00 

7.0a 

It  33 

^42 
8.77 
to,  23 
|}4J3 

S,4a 
Ss«0 
10,53 

0.S4 
10.  M 
07,  4a  > 

415 

414 

3. 04 

3.23 
3.^ 

3.JI 

2,S7 

44S 
Ki.OOO 

0.1^ 

.10 

2,77S 

tm 

1S4  7 

«^44 

0.83 
10  04 
10.  fid 
00.  €S 

2.m 

a.A5 

X83 
^.4S 


/jCTru2rfc«.— Testa  409  and  411  on  English  briquets  broken  in  two,  which  burned 
irith  a  long  flame  and  gave  a  very  hot  fire,  with  little  smoke.  They  cracked  open  to 
i  depth  of  about  IJ  inches,  but  coked  and  held  together  until  entirely  consumed. 
^o  clinker;  fine  brown  ash. 

19698— Bull.  No.  332—08 15 
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PBODUCBR^AS  TBST. 

Tenncflsee  No.  1  (run  of  mine). 

Test  115. — Duration  of  test,  50  hours.     Average  electrical  horwpower,  169.     Aver- 
age B.  t.  u.  per  cubic  foot  of  gas,  154.5.    Total  coal  fired,  12,300  pounds^. 


Coal  consumed  in  producer  per  horsepower  hour  {pounds). 


Per  dectrical  horsepower devdoped  at  switchboard. 
Per  brake  horsepower  developea  at  engine 


Equivalent  used  by  producer  plant  (pounds). 


Per  electrical  horsepower  devdoped  at  switchboard . 
Per  brake  korsepower  developed  at  engine 


Analyses. 


Coalaa    rxw^^^^t    Combo*, 
fired.     J>nrco«L      ^^^^ 


Coal. 


Moisture 2. 72 

VolatUe  matter 31. 81 

Fixed  carbon 63. 20 

Ash 12.27 

Sulphur 1.26 


l.M 
l.OS 


1.33 

1.12 


Ofu  by  volume. 

Carbon  dioxide  (COi) 10.0 

Carbon  monoxide  (CO) 19.e 

Hydrogen  (Hi) li.3 

Methane  (CUi) 11 

Nitrogen  (HO. 58.« 

Ethyfene  ((}iHO 4 


WASHINO  AND  COKINO  TESTS. 

Tennessee  No.  1  (run  of  mine). 

Washing  test  171. — Size  as  used,  crushed  to  2  inches,  jig  used,  Stewart.     Raw  coal, 
21,600  pounds;  washed  coal,  18,600  pounds;  refuse,  3,000  pounds. 

Coking  tests. 


Test 
133 

Test 

(raw). 

153  (w.). 

f.  c. 

f.e. 

49 

4S 

12,000 

ll.WO 

7,720 

7.270 

64.33 

61.» 

347 

27J 

2.89 

2.» 

67.22 

63.38 

Size  a.s  usckI 

Duration  of  tost hours. . 

("oal  charged pounds. . 

Coke  produml {j^r^^nt:: 

Breeze  produce! {PS^;; 

Total  vleUi do. . . . 

L      _    _ 

Remarkn.-    Tent  1:W:  Light  gray  and  nilvi^ry;  Btnmg,  hanl,  heavy  coke.     Test  153: 
Light  gniy  and  Bilvery;  good,  strong,  heavy  coke;  washing  reduces  ash  and  sulphur. 

Analyses. 


Washing 

Raw 
coal.o 

4.81 
32.91 
M.13 
11.15 

1.58 

test  171. 

Washed 
coal. 

Coking  test  133.    ' 
Coal.          Coke. 

3.71  1  0.37 
32.81  1  .73 
.51.69  ;  83.00 
11.79           15.90 

l.,58  '          1.35 

Coking  test  153. 
Coal.         Coke. 

Moisture 

Volatile  matter 

5. 28  1 

4.86 

35.06 

54.72 

5.36 

1.17 

.77 

Fixed  carbon 

1.32  ; 

89.61 

Ash 

Sulphur 

8.69 
.93 

a  Sample  taken  from  steaming  test  344. 
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Cupoh  tesU  of  coke  made  from  Tenncsxte  No^  I  roaf  {vashed). 


Outai. 

Fluid* 

Iijviilomi  of  cliaj«v. 

t 
1. 

No. 

gmv- 

Fhoa- 

lUtlo 

Iron 

to 

ooke. 

S 

AfjiterfMlii. 

le 

2. 

3, 

4. 

5, 

ToUl. 

PKrd. 

J»er^ 

ibf. 

lb$. 

X6ji, 

J.fej. 

Lhii^ 

lb/ 

Cflkft...,,. 

IfiO 

m 

m 

ao 

m 

43(r 

3fi 

m 

1.06 

acass 

7 

07.2:2 

'  Fig  Iran  ,.      iS7D 

m 

430 

m 

420 

2,S5f» 

3<'4^p.....       m        140 

140 

140 

140 

750 

Coke. 300 

M 

57 

58 

fi9 

430 

W 

m 

t.m 

,naii3 

7 

1 

Pig  Iron.-       IjOO 
icAp....  .      200 
Coke 1      200 

m 

137 

412 
13T 

<13 

13S 
57 

413       2.230 
138          750 
w ;       430 

m 

i^ 

hSf 

.noia 

7 

W.S 

Pig  Iron,.      «» 

413 

413 

iia 

m      3.2Q0 

_...  L, 

1 

Isomp KO 

13a 

m 

137 

137        7sa 

RECOKD  OF  MELT. 

vend. 

BlH«l|»rMM 

Utt. 

nlng 
Ju— 

Welfl^toflriHl,                        H«ltli«. 

Rm 

P 

^ 

Oil  at—      l| 

1 

tloniU 
£ieltod. 

Total. 

Time. 

Rate 
per 
boitr. 

III 

lAJHti. 

Iron 

Coke, 

Of, 

Jtf^J*, 

1*#. 

Z*t. 

Ifr*. 

Mn, 

Zd*. 

Perci. 

£ft#. 

Ut. 

att 

».&fi  A.  m. 

7 

ID 

1.340 

344 

1.484 

S3 

'I,m 

4,67 

a,iO 

1.343 

112 

« 

B.4T  a.  m. 

7 

7 

1,443 

sea 

3,0D& 

34 

3.540 

die 

ILflO 

643 

lOfi 

2a 

3.il  p.  m. 

7 

6 

1,833 

2tO 

3.043 

34 

3.aofi 

fi,fi7 

tksa 

7«ft 

lis 

LADLK  RECORD. 


Twtiao, 

T«rtW. 

T«tJ2S. 

tjuIleKo. 

Foimdi. 

Tbiw 

Tiro* 
ta.in.>. 

FottDdn. 

Time 
Cp.jn.)' 

85        iai3 

m       10, 19 
Be  1      10.  m 

06 
50 

m 

iU 
03 
5i 

AX 
61 
43 

^-^ 

73 
43 

iiO 

35 
ui 

fi3 
39 
100 

9.0& 

0.00 

a  00 

9.10 

9.11 

9.12 

9.13 

9.H 

9.U 

9.10 

9.164 

9.17 

9,18 

9.i0 

9,30 

9.21 

iK'n 

9.23 

9.34 

9.2.'> 

9.27 
9.27* 
9.28 

65 

no 
100 

75 
t04 
U7 
41 
91 

100 

73 
OS 

108 
S7 

123 
03 
03 
02 

103 
85 
00 

3.30 

3.3PI 
3.30 

......^,.,.  ,^*,.    *                ,,      , 

3w32 

*  -" 

82 

ia2s 

3^334 

""-• 

81 
76 

tie 

05 
74 

t(k.23| 
10,23 

10,29 

3.1* 
7^W 

r- "" -■■""-"■■■ 

t 

108  1        10.34 
71           10.34i 
8?  1        la  S.*) 
■■a           10, 3H 
fi^-i           JO,  41 

3,aa 

3u40 

^4(t| 

3.4r 

3.40 

3.4fil 

j^ 

3.40 

3.!S0 

I.  hi 

1 

1 

tmarh, — Test  99:  Iron  very  hot.     Test  128:  Blast  off  1  minute. 
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BBIQURITIMG  TSST. 
Tenneasee  Xo.  1  (run  of  mine). 

Te$t  ISO, — Size  as  used:  Over  i  inch,  2.5  per  cent;  ^  indi  to  \  Indi,  7.7  per  cent; 
i^  inch  Uf  1^9  indi,  17.8  per  cent;  ^  inch  to  ^  inch,  24.1  per  cent;  through  i^indi, 
47.9  per  cent.  Kind  of  binder,  water-gas  pitch  (lab.  No.  3410,  p.  40).  Wei^t  of 
fuel  briquetted,  18,600  pounds.  B.  t.  u.  per  pound  of  coal  as  received,  12,569;  per 
pound  of  briquets  as  fired,  13,723;  per  pound  of  binder,  16,478.  Weathering  test: 
Days  exprjsed,  201;  condition,  B.  For  analyses  of  briquets  see  page  225  (steaming 
torts  409  and  411j. 

English  briquets  with  5  and  6  per  cent  binder  made  at  179.6^  F.,  average  weight,  3.28 
priunds,  were  good  and  firm;  edges  and  surfaces  harder  with  6  per  cent  than  with  5 
per  cent  binder.  Fractures  of  both  were  sharp  and  clear.  In  the  drop  test  with  5 
per  cent  binder  the  1-inch  screen  held  84.4  per  cent  and  passed  15.6  per  cent. 

Renfrow  briquets  made  at  149^  F.,  average  weight  0.5  pound,  with  6  and  6.5  per 
cent  binder,  showed  dull  fracture;  edges  broke  easily,  surhices  too  soft.  Those  made 
with  7  per  cent  binder  were  satisfactory;  fracture  dear;  edges  sharp;  briquets  broke 
without  crumbling. 

Extraction  aruilyses. 


Pitch. 

FoflL 

Briquets 
tettiaOi 

IjB^tontorj  No 

3410 

Air-drvinir  Iom  .           

percent.. 

3.50 

1.00 

KxtnictedbyCSi: 

Air  dried                                             .  . 

do.... 

2.23 
2.15 

4.51 

Am  received 

Pitch  in  briquets  as  received 

do.... 

do.... 

T9.«8 

454 

3.07 

TENNESSEK  NO.  2. 

Bituminous  coal  from  a  mine  locati^d  2\  miles  northeast  of  Gatliff, 
Oampbell  County,  on  the  Louisville  and  Nashville  Raib*oad,  was 
(iesignatcnl  Tennessee  No.  2.  The  coal,  as  worked  from  the  outcrop 
at  this  place,  averages  3  feet  6  inches  in  thickness. 

This  sample,  consisting  of  run-of-mine  coal  loaded  under  the  super- 
vision of  John  W.  Groves,  was  used  in  making  steaming  tests  367, 
'M)Hy  and  300;  producer-gas  test  107;  coking  test  127,  and  cupola 
U\sts  100  and  140. 

Two  mine  samples  were  taken  for  chemical  analyses.  Sample  2931 
wtus  tak(»n  687  feet  northeast  of  the  opening,  where  the  coal  meas- 
ured 'S  feet  8  inches  in  thickness.  Sample  2932  was  taken  675  feet 
south  of  the  opening,  where  the  coal  measured  3  feet  7  inches  in 
thickness. 


TESTS — TEKNESSEE^ 
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CHEVICAL  AKAtYSES. 


Mine  BDjnpIflA. 

Car  *ftn  1- 
pleii.- 

BtaainijQ^  tefftn.^ 

m. 

31(8. 

am. 

lAlKiftttfTry  Ho 

t.m 

37.29 
.83 

9.19 

3129 

3j;.7B 

.-13,31 
tLSl 

'      73.  M 
1.75 
11.53 

Alp-d  Tying  loM . .     . , 

4.l» 
.OS 

.via 

7l>L3g 
1.87 
7. 47 

LOS 

-  £.00 

."5a.  31 

*       (V8i 

.m 

77.48 
LS4 
7.39 
7.18 

IL17 

Voliitilf  matter.. 

Sfi^JUi 

Filed  cfljlion.,*. 

£3.SS 

AjiIi .,., 

6^43 

Sulphur^     *.*        V 

.05 

UlUnirtt*: 

6. 10 

Carbon ,,,h,..-.,--,*,,^,  .,.•,*.., 

77,  *4 

_,,,____,. 

1  ^ 

Qlt-RHl... i.**,^,.,....^.-..,. 



7  42 

ASf^„ , :::.: .:,:. 

;  _  ■     _' 

fl.7S 
1.08 

CalotiA^  value  (us  rt« 
Determined .. 

JoaloriM. . 

^ \B.  t.  u... 

ultimate  te^loileB  . 

14,130 

i3,a&G 

T,3tS 

"    "    . 

Ciik70]Atod    irotn 

lllVll.Z 

Muayila. ., 

^'■"- 

"  ' 

' 

A  Samplp  fmm  k teniBing  teirt  .158  treated  as  car  Hunp1». 

a  PTDJtiuLAi^  AUiilysU  nffii&l  ilr  flriK);  aJt^nnt^  fttuil)rsift  of  dry  lUel  flgtiltd  Irtrni  p«r  aanipli; 

STEAttING  TESTS. 
Tenneaaeie  No.  2  (nin  of  miin*). 


Test  3^7.4 


Teiit.%iL 


TeJtt*ia 


84x«a«UH«d: 

Over  I  Inch. .,„.,*,.*, per  cent. 

i  Inch  to  1  Inoli*. ..*,.. ,.,... , _.._. ..do... 

J  inch  to  I  tocli. ......„___. „„ da... 

Under  J  inch . .  ^ .  ^. , . .  .^,^,,. .do. . . 

Dtirmtion  of  t*"*!. .... -. ^ .,,..,_.,._ hours , 

He^tinig  value  of  coal.,......,.,.,,,, ,B.  t.  ll.  pftrpolinil  dry  coal. 

Force  of  draft: 

Under  itack  damper. ....... .inch  water. 

Atwvp  flrp.. .............. ^...,....... .,,,. do... 

FomiMMf  t^mpemturr , , ^F. 

Dry  coaJ  nmsi  |)?r  aquan?  foot  of  grat«  Hurbici'  per  hour. .......  pounds. 

Equt^al^it    wuter   cvftporakwl    ppr   itquare    foot    of    watcr^lieatfnK 

iurtflcp  per  hoiir. , , . pnunda . 

Few^  Uig^  of  mtftj  horsepgwnr  of  ImihT  dpveloiwd , 

Water  apptirrutly  evaporated  per  pound  of  eo^la^  Qrcd ..  .pounds. 

Water  pviipfjratj*d  from  mad  at  212°  F,: 

Per  pound  of  coal  an  fired ,...,,.,,, „ .do^ .. 

Per  pound  of  dry  eoal . ............... ...„.,.... , ,, .do, , . 

Per  pound  of  combustible? do. . . 

Efltdciicy  of  boiler,  including  grate.. ...,.,...,.......,, .per  emit. 

Coal  mt  ttrtd : 

Per  indicated  borsp power  hour. ^ ..,.,_ , ^ . , pounds. 

Per  olffitficsl  horsepower  hour. . . ........ , . . . . .do. . , 

0ry  coal : 

per  Itidlcftted  horsepower  hour. .. . . . „dci. ., , 

Per  aiiCtTtcal  horsepower  hour^ . ,...,,,. , , .  .do.. . 


43.2 
23.  t» 
13.0 
19.9 
9.97 
14,  Ifkl 

aSB 

.19 

2,7^ 

3R.41 

4,f^ 
US».9 
7,10 

a  as 

a.  79 

a4o 

3.37 

4.17 

3.22 
a.  97 


42,  a 

IK  4 
12.2 

9.«8 
14,008 

0.4B 
.H 

2,46S 
19.  m 

3.ti& 
102.3 
7,fi3 

9.0IS 
H.54 
10152 
ft.V77 

3.12 
3.SS 

2.9fi 
3.«0 


m.4 

22.4 

11. S 

mi 

9.97 
N.Ori& 

a33 

.06 
2.250 
15.24 

1^.3 
7.75 

9.U 
».fi4 
10. 57 

3.oe 

3,fS 
2.113 

3.oa 


o  Test  run  fbr  majcinium  capacity. 
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PBODUCES-OAS  TEST. 

Tennessee  No.  2  (run  of  mine). 

Test  i07.— Duration  of  test,  50  hours.     Average  electrical  horeepower,  201.3.    Aver- 
age B.  t.  u.  per  cubic  foot  of  gas,  167.9.     Total  coal  fired,  11,250  pounds. 


Coal  contumed  in  producer  per  horsepower  hour  (pounds) . 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


Equivalent  used  by  jtroducer  plant  (pounds). 


Per  electrical  horsepower: 
Commercially  available'. . . . 
Developed  at  switchboard . 

Per  brake  horsepower: 

Commercially  available. 


Dcvelopetl  at  engine. 


Coal  as 
fired. 


1.18 
1.12 


1.00 
.95 


1.30 
1.24 


l.ll 
1.05 


DryooaL 


1.14 
L08 


1.26 
1.20 


1.07 
1.02 


Com- 
bnstiUe. 


Analyses. 


Coal. 


Moisture 3.  40 

Volatile  matter 37. 58 

Fixed  carbon 54. 27 

Ash 4.75 

Hiilphiir 83 


Oas  by  volume. 


Carbon  dioxide  (COi) IJJ 

Carbon  monoxide  (CO) »? 

Hydrogen  (Hi) ij* 

Methane  (CHO ij 

Nitrogen  (Nj) «•{ 

Ethylene  (C^H*) •» 


COKING  TEST. 

Teuiieast'c  No.  2  (run  of  mine). 

Trst  /?7.— Size  ius  uHcd:    Raw,  hiwly  rriishcd.     Duration  of  test,  54  hours.    Ted 

(•hari,'(*(l.    12,000  pounds.     Coke  })rodu('<'d.   7,213  pounds;    60.11   per  cent.     Bni»z<' 

produced.  'M:\  j)ouuds;    2. SO  per  crnt.     T«)Uil  yield,  02.97  por  cent.     Fine-fingeml 

coke;    very  brittle  lunl  breaks  yrry  easily  on  liandliuj^;   light  gray,  with  large  carbon 

deposit. 

Aruilysta. 

Coal.      Coke. 


.M<)istiin> 

Voljililo  iiujttrr. 

Fixod  carbon 

Ash 

Sulphur 


3.  .V 
Mi.  53 
.'«.  32 

4..'» 
.95 


1.13 
.6) 

7.23 

.7!^ 


('lipoid  tfsls  it/ ((d't.  iiiufit  frofft   Ttnnts.'nc  A'o.  -^  coal. 
CIIAROK. 

Divisions  of  charge. 


Cupoiu 

trst 
No. 


100  . 
140  I 


-  -, liutio  ^j^;'»-| 

No.       ^[^^}     ^   ^'^^'-   .    full.    '  ' 


1. 


'toUI- 


.  Per  rt. 
I     94.44 


[Coko.... 
hngiroii. 

(Scrap 

Cok«.... 
mglron. 
[Scrap... 


Lbs. 

Lbs. 

190 

00 

570 

420 

190 

140 

190 

UO 

570 

4'20 

190 

140 

Lbs.    I 
00 
420 
140  ' 
00 

420  1 
140 


Lbs. 

00 
420 
140 

00 
420 
140 


Lbs.  Lb$. 
00  430 

420  2.330 
140  730 


60 
420 
140 


430 

2,250 

750 


o  Phosphorus  in  coke,  0.0094  per  cent. 


t 


TB8TB — TBNNES8BE. 

Cupola  IfstM  o/oake  inade/roin  Tetinesaes  ATd.  i  ooal--€ontmued. 
KECOBD  DF  MELT. 


981 


• 

BlAflt  piWAUt?. 

Iiua 

WeJ^t  of  Irotw 

umm^ 

On»l^ 

Max* 

fun- 

Poured. 

Addi- 

tioiul    ToUI. 

Tim**. 

fUto 

por 
hour. 

Ratio 

Iron  to 

Low. 

0.46 

Iron, 

m 

esq**. 

= 

Or. 

7 
7 

7 

1^, 
370 

IM.  1  J/in. 

1:^     1 

4.1*7 

ft.  7* 

36 

LABLE  RECORD. 


Udle 

Tfltt  100. 

t^ 

MIt 

Lwlte 

TMtm 

Tta«ti4a. 

Ho, 

Ponndfl. 

Timti 

Pounas, 

Tim* 

(P'ULJ- 

2.50 
3.01 

Ho, 

Pouticli. 

PoUDdB, 

Tltiui 

1 ,., 

£2 

1.35 
l-S&i 

28 
no 

IS ., 

Al 
ftl 

L4fl 

Leo 

107 
01 

3.l$| 
3.W 

1:::::::: 

04 

1.40 

14 

3.04 

1§ ,, 

33 

l.fiOJ 

SO 

3.]g 

4 

70 

1.4CH 

90 

3,04 

17 

ao 

Lfif 

111 

3.  ISS 

t. 

£2 

kJT 

7» 

3.07  ' 

18....... 

SI 

1.63 

57 

3.19 

•,, 

04 

1.42 

100 

3.(F?| 

Ifl....... 

a 

I,fl3i 

n 

3,21 

1, ,, 

TV 

U4S| 

103 

3.0i 

20.. 

40 

1.53 

108 

3.211 

t. 

n 

L4a 

80 

3.10 

3K,..,,. 

m 

!,&& 

n 

3.ia 

I  t.»..,- 

m 

(.461 

m 

3-i04 

23,,.,  „< 

49 

1.354 

n 

3.23 

yi........ 

87 

L4fi 

S2 

3.11 

23 

41* 

L56 

101 

3.331 

n... 

« 

1.4lti 

S3 

3.13 

24 

liO 

]..«» 

57 

a.  24 

»..-... 

ffi 

J.« 

78 

3-13* 

a&-.,.-.. 

«» 

2.00 

«3 

S.3ni 

IK*. ,..,<. 

ao 

l.«i 

^ 

3.1? 

36....... 

„„. 

43 

3.37 

FT'" 

/^^ffturfof.—Ttsflt  iOO:  titm  vory  hot  ami  fluid.    Test  140:  Iron  medium. 


Bituminous  coal  from  Gatliffe,  Campbell  County,  on  the  Louiavilk 
ami  Nashville  Railroad,  was  designated  Tennessee  No.  3.  The  coal,  as 
worke<l  at  the  out<^rop  at  this  place,  averages  4  feet  6  inches  in  thick- 
ness. 

This  saniple^  consisting  of  run-of-mine  coal,  i^hipped  under  the 
supervision  of  John  W.  Groves,  was  used  in  making  steaining  tL^ta 
349  and  350;  producer-gas  te^t  106;  ooking  tei^t  128^  ami  cupola 
tests  104  and  139. 

Two  mine  ssamples  were  taken  for  clieiiiicai  aniilybis.  Saiiiple 
2929  was  taken  500  feet  south  of  the  drift  mouth,  where  the  coal 
measured  5  feet  2  inches  in  thickness.  Sample  2930  was  taken  1,050 
feet  southwest  of  the  drift  mouth,  where  the  coal  measured  4  feet 
5}  inches  in  thickness. 


KEPOBT  U.  S.  FUEL-TESTING  PLANT,  1906-7. 

CHEMICAL  ANALYSES. 

Tennessee  No.  3. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  nuttt<^r. 

Fixed  Cttr])on... 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

CarlK)n 

Nitrogen 

Oxygen 

Ash. 


Mine  ciamples. 


Car 
aamplM.i 


2929 
1.80 

4.25 
.35.31 

4.13 


2)130 
1.90 

4.42 
35.35 
57.53 

2.70 
.80 


I 


"I 


3040 
3.20 

6.38 
34.54 
53.03 

7.05 
.90 

5.50 
T2.41 

1.72 
12.33 


Sulphur ; 

Calorific  value  (as  reoeived):  I  ! 

l>t4-nninod  /calories..!        7.502  I 

lieu  nnmea \B.t. u. . . .'      i:\MWt 


Calculated  fn)ni  ultimate  analysis  . 


jCAlorie.s. 
•\R.t.u... 


7,240 
13,048 

7,238 
13.008 


Steaming  tetti. 


340. 


m 


^1 


5.38 
34.54 
53.03 

7.05 
.90 

6.18 
7Q.S2 
1.82 
7.98 
7.45 
1.05 


6.C 
33.0 

7.« 
1.13 

5.14 
75.« 
1.81 
7.M 
8.01 

i.a 


a  Sample  from  sti>^ming  t«!St  349  t  reated  as  car  sample. 

b  I'roximate  analysis  of  fuel  as  flnul;  ultimate  ahalysis  of  dry  fuel  fignred  from  car  sample. 

STEAMINQ  TESTS. 

TennoswM'  No.  .S  (run  of  mine). 


,  Test  349.   Test  3S0. 


Siz«'  jis  used: 

Over  .i  inches per  cent. . 

Over  1  inch do 

i  inch  to  I  inch do 

I  inch  to  i  inch do 

I'nfler  \  inch do 

Duration  of  test hours  . 

Heating  value  of  coal. li.  t.  u.  i)er  pound  <iry  coal.. 

Forc<^  of  draft: 

Under  stjwk  damper inch  water. . 

Above  fin* do 

Furtuice  ti'unxTalun' ^F.. 

Dry  coal  used  jxt  s(iuare  foot  of  grate  surface  jxt  hour pi>und8. : 

K(iiiival«'nt  water  «'vai>orated  jvr  scjuan'  foot  of  water-heating  surface  per  hour, 


I 


pounds 


s  fin-d pounds. . 


l*eR'<Mitage  of  rated  horsepower  of  lioiltT  develoix'd 
Water  apparently  evaporated  jx-r  poinid  of  coal  a: 
Water  evaporated  from  an<l  At  212°  F.: 

I'er  poujid  of  coal  as  finvl do     . . 

I'er  jx)und  of  «lry  coal do 

I'er  pound  of  conil»ustil»le do 

EfTiciencv  of  hoiler.  including  grate pt»r  cent. . 

C(uil  as  fired: 

IVr  indicated  hors<'power  hour pounds.. 

Per  el«"Ctrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  eh»ctrical  horsepower  hour do 


67.8 
19.3 
5.4 
2.7 
4.8 
8.97 
13,788 

0.57 

.14 

2,664 

21.70 

3.75 
105.0 
6.81 

8.18 
8.65 
9.49 
60.58 

3.46 
4.27 

3.27 
4.04 


59.1 
20.0 
9.1 
16 
7.2 
10.0 
13,<» 

0.» 

.14 

2.5K.' 

21.63 

4.07 
U4.0 
7.31 

8.82 
9.13 
10.35 
66.53 

3.21 
3.96 

3.00 


TESTS — TENNESSEE. 
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FBODUCXS-GAS  TB8T. 

Tennessee  No.  3  (run  of  mine). 

Joe.^Dumtkiii  5f  tiestj  50  hours.     Averag*^  electrical  homepower,  201*    Aver- 
t.  u.  per  cubic  foot  of  ga^,  159.7.     Total  oo^l  fii^d,  12,950  pounds. 


Cent  u 
fired. 


DrysovL 


ConK 


OkU.  eenxum^  in  prodwtr  ptr  futrtep&ver  hour  ipoiMdt). 

iJiw^mAlJy  avalliibM,..,**,* ..,,,,,,...,_, ,. 

[-lcit»<l  hi  switchboard .. , ,._.:.,,.., - „ , 

to  horwpowt^rr 

Lmert^uUiy  £L vallji-Ue ,, .- . 


Equivaieni  iuted  b^  prwtuctr  filanf  ipoumd*)^ 

triasl  bor9p|HiwyBr; 

,K»rciiUy  aviiiljibl©.-*..- ...— ,.-.. 

piaped  at  awltebboud..... -..«,.,., 

te  boreepowiT: 

jnerciiiliy  kiVAUAhti?:^.  *-.*  *  „  ^^  ,_--,*.  -^,  -^ ^^, » . 

Plaped  lit  eriii:liu5 , . . . 


t.38 


U17 


h4 


1.31 
1.23 


1.11 

1.04 


K42 
1.^ 


1.21 


K04 
.VI 


LS2 
1.24 


laa 

1.U5 


AnalytfM, 


OoaJL 


) ^gg 

m*tterV*.*.**.! !*.!!!!!!!!!! !!!!".!!!!!!  34.84 

jrbon. 63. 67 

fi.71 

1.16 


Qiu  dy  vokmme. 


Carbon  dioxide  (COi) 9.8 

Carbon monozidie  (CO) 90.2 

~~        ltt.5 

9.4 

Nitrogen  (Ni). Ml7 

Ethylene  (CiBU) 4 


Hydrogen  (Hi). 
Methane  ((^4). 


COKINO  TEST. 

Tennessee  No.  3  (run  of  mine). 
128. — Size  as  used:  Raw,  finely  crushed.     Duration  of  test,  42  hours.    Coal 
i,  11,280  pounds.    Coke  produced,  7,136  pounds;  63.26  per  cent.    Breeze  pro- 
394  pounds;  3.49  per  cent.    Total  yield,  66.75  per  cent.    Fingered  coke;  light 
rith  large  deposit  of  carbon. 

Analyses. 


Coal. 

Coke. 

J. . ,  .^ 

4.32 

33.90 

66.66 

6.22 

1.05 

0.67 

matter 

.81 

,rbon 

87.44 

11.08 

.88 

Cupola  tests  of  coke  made  f ram  Tennessee  No,  S  coal. 
CHARGE. 


Coke« 

Fluid- 
ity 
strip 
fuU. 

Mat4triiil8. 

Divisions  of  chai^. 

Teat 
No. 

Spedflc 
grav- 
ity. 

Ratio 
iron  to 
coke. 

1. 



Lbs. 
190 
570 
190 
190 
570 
190 

2. 

Lbs. 

60 
420 
140 

60 
420 
140 

3. 

4. 

5. 

Total. 

128 
428 

1.87 
1.87 

7 
7 

Per  ct. 

%.  83 

97.81 

[Coko 

Pig  iron 

Scrap 

Coke 

Pig  iron 

Scrap 

Lbs. 

60 
420 
140 

60 
420 
140 

Lbs. 
60 
420 
140 
60 
420 
140 
I 

Lbs. 

60 
420 
140 

60 
420 

\ 

Lbs. 
430 

2,260 
760 
430 

2,250 

o  Phosphorus  in  coke,  0.0125  per  cent. 
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Cupola  tests  of  oohe  made  from  Tennessee  No.  S  coal — Continued. 
RECORD  OF  MELT. 


Cupola 
test 
No. 


104 
120 


Blaat  preasure. 


Onat— 


9.08  a.m. 
10. 43  a.  m. 


Iron 
run- 


Weight  of  Iron. 


Meltixig. 


mSS"     ^^   '  Poured,  tlonal  JTotal.!  Time, 
mum.     In-    ,  ^^^^j  ■ 


Oz. 


'4 


Min. 

8 
9 


Lh9. 
1,477 
1.913 


Lb9.  I  IA>9. 
429  :  1,906 
239  ;  2,152 


r 


Min. 

35 
32 


Rale 
hour. 


Lbs. 
3.267 
4,035 


Ratio 
iron  to 
coke. 


&51 
&56 


Pertt. 
7.03 

&ao 


Reoo?«i«d. 


Iron.  Cote. 


Lbs. 


IM. 
M 


LADLE  RECORD. 


I^adleNo. 


1... 
2... 
3... 
4... 

6... 
7... 
8... 


Test  104. 


Test  139. 


Pounds. 


10. 
11. 
12. 
13. 
14. 


50  , 

64  ; 

(52  , 

77  I 

82 

20  u 

57 

68  : 

64 

61 

50 

42 

84 

43 


Time 
(a.m.). 

Pounds. 

9.21 

93 

9.21i 

93 

9.22 

100 

9.24 

81 

9.25 

62 

9.25) 

89 

9.31 

81 

9. 31 J 

101 

9.32 

87 

9.36 

117 

Time 
(a.m.). 


'I 


108 
85 
122 
101 


10.56 

10.59 

10.59) 

11.02  , 

11.02) 

11.06 

11.06) 

1!.07 

11.09 

11.09) 

11.10 

11.13 

11. 13) 

11.14  I 


Test  lOi 

Teftl30. 

I^leNo. 

Pounds. 

Time 

(a.m.). 

Pounds. 

Tinw 
(a.m.). 

15 

36 

9.40 

76 

a  17 

16 

101 

9.4Di 

115 

11.17} 

17 

39 

9.4r 

110 

ILW 

18 

42 

9.42 

65 

11.23 

19 

77 

9.42J 

112 

»^5* 

20 

41 

9.43 

115 

11.24 

21 

38 
74 

9.44 

9.48 
9.48i 

22 

23 

24 
29 

r>3 

24 

25 

26 

27 
62 

9.5' 
9.51 

27 

1 

Remarks.-   Twl.  KM:  Iron  liot  and  fluid.     Test  L39:  Inm  hot. 

TEXXKS8KK  NO.  4. 

Bituminous  coal  from  a  mine  located  3  miles  north  of  Oliver 
Sprincrs,  Koane  County,  on  the  I^misville  ami  Nashville  Railroad, 
was  (lesitrnatod  IVnnesseo  No.  4.  The  coal,  as  worked  at  the  outcrop 
at  this  ])lace,  avera<]:es  4  feet  S  inches  in  thickness. 

This  sample,  consisting;  of  run-of-mine  coal,  loaded  under  the  super- 
vision of  John  W.  (iroves,  was  used  in  making  steaming  tests  355, 
'Artii,  and  (on  ))ri(|uets)  405;  producer-<]:as  test  111;  coking  tests  125 
and  129;  cupola  tests  102,  lOo,  and  13S;  and  bri(iuetting  tests  120  and 
(mixed  with  miscellaneous  No.  5,  p.  202)  150  and  151. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sampk 
205()  was  taken  1 ,300  feet  northeast  of  the  drift  mouth,  where  the  coal 
measured  4  feet  5.\  inches  in  thickness.  Sample  2957  was  taken 
2,000  feet  south  of  the  drift  mouth,  whore  the  coal  measured  5  feet 
2  inches  in  thickness. 


TESTS — TEN  N  ESSEE. 


2a5 


CHEHICAL  AKALYSE3. 
Tennessee  No.  4. 


Mine  sanifiltti. 

Car 

Stumlqgt«fttit.« 

Brtquettjjng 

3A6, 

aK, 

40&. 

150. 

151, 

3056 

1.90 

3.2S 

jail 

.B5 

2^7 
L70 

30£8 
i70 

32.33 
fiL70 

1.56 
12.36 

33S0 

3367 

0.39 
32.32 
SL76 

V).53 
,9S 

ikoa 

7495 

l.«7 

7.  IS 

10.18 

1.05 

5,73 
31.78 
51.91 
10.09 

496 
7413 
1.64 
7.06 
1L33 
.96 

2.m' 
3^78 
53.  S4 

7.50 
,91 

473 
77.99 
1.79 
aS9 
7.72 
.94 

2.&5 
3L91 
5L4^ 

&12 

434 
7R.5a 
L71 
6.15 
&33 
.94; 

2.71 
29.5a 

5§,  41 

9.^2 

liiil 

4  Li 

7H.  ^CI 

1.67 

^iXi 

9  S& 

«9Q 

"*^^^lnitei 

U.A14 

e.w8 

12,B7« 
7,005 

IS,  Ml 

IB-t,  a... 

iittJ-/c«loit».. 

..,__tB.t,u... 

■"■^"1 

tnmlnff  test  36£  traat«d  A8  Cftr  sample, 

t'ljalB  of  fuel  UA  Qred;  ultimate  analysis  of  di?  foet  4ffiii«cl  frotn  tsiir  ^atupl^- 

ilyalfl  of  fuel  aa  hscflJveU;  iiltiiimte  amilyBis  on  4ry  baHit^ 

STEAHING  TESTS. 

Ten ne^set?  No.  4  (run  of  mine). 


,p0rcfint, 
.....do... 
,di>,.. 


L,., 


-do. 

..„,.,,..„._.._.,.. hours, 
.B.  t.  ii.  ptt  pound  dry  fucL 


^pcir>> ^ ......... . .  .Inch  water. . 

...,...._,„____ „..,..,. do.,,, 

k%Tl« °¥. 

lar*  loot  of  gmte  aurfjucf  per  hour pfmnds. 

iporated  ptr.aqimre  foot  of  wate^-bQatuig  Jiiiirfiice, 

-  - polinda. . 

lorscpower  of  boilor  devetopeiJ 

Aporat^  per  pound  of  fiifl  a^  11  mu! , poim4Hr . 

omaini  ataJJ*"  F.: 

I  nft  fliwl. tlo 

'  fuel., .. ....*. , ,.. ,  .do 

ihusiJMp. ,   .do..,, 

ucludkii^  griitt?,  „ , , , . , per  cent. . 

rsepowpr  hour,  _......._,_ ,  ^ . . ,  pounds. . 

■,'»epowi?r  hour .,..;..„,.. , do,... 

rsepower  hour ,., ,.-. ....do.,.. 

■sepowsr  hour........ ...-...._.... ....... do..-. 


o  Test  made  for  iiiaxiimiin  capjiclty. 

;  405  on  briquets,  which  Inirned  with  a  long  flame  and  cracked  opt^n  to 
aurths  incli;  coked  and  held  together  until  entirely  consumed;  made 
.  Fine  gmy  ash  of  medium  weiglit,  with  very  little  green  coal,  loss 
3Ugh  grate  and  over  bridge  wall  being  very  small. 
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PBODUCXB-OAS  TB8T. 

Tennessee  No.  4  (run  of  mine). 

Test  111, — Duration  of  test,  50  hours.    Average  electrical  horaepower,  182. 
age  B.  t.  u.  per  cubic  foot  of  gas,  161.7.    Total  coal  fired,  12,150  pounds. 


Ave^ 


Coal  as 
find. 


DryooaL 


Combus- 
tible. 


Coal  amtumed  in  producer  per  horsepower  hour  (jpounda) 

Per  electrical  horsepower: 

CommerciaUy  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commeicialiv  available 

Developed  at  engine 

Equivalent  used  by  producer  plant  (wmnds). 

Per  electri(»I  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  norsepower: 

Conmiercialiv  available 

Developed  at  engine 


1.42 
1.34 


1.21 
1.13 


1.64 
1.45 


1.31 
1.23 


1.37 
1.29 


1.17 
1.10 


1.40 
L40 


1.27 
1.19 


1.27 
1.11 


1.06 
1.01 


19 


1.17 


Analyses, 


Coal. 


Moisture 3. 29 

Volatile  matter 34. 49 

Fixed  carbon 54. 82 

Ash 7.40 

Sulphur 88 


Oas  by  volume. 


Carbon  dioxide  (COt) lO-i 

Carbon  monoxide  (CO) IM 

Hydrogen  (Hi) li-l 

Methane  ((3H4) 2.< 

Nitrogen  (N^. 51.0 

Ethylene  (Ciia*) 5 


COEIKQ  TESTS. 

Tennessee  No.  4  (run  of  mine). 


'Test  125.    Testis. 


Size  as  used 

Duration  of  te«t hours. 

Coal  charged pounds. 

Cokoproduml {peV^i! 

Breeze  produced '  ■ -{p^S^; 

Total  yield do. . . 


f.c. 

60 

12.000 

7.471 

62.26 

313 

2.61 

64.87 


Remarks. — Test  125:  Light  gray  and  silvery  color;  fingered  coke  }-inch  black  butts: 
aah  somewhat  high :  better  (^oke  probal^ly  from  washcnl  coal.  Test  129:  Light  gray  i^^ 
silvery;  fingered  coke;  black  butts  removed;  heavier  and  better  than  coke  of  test  125; 
resultant  coke  probably  improved  by  washing. 

Aiialyses. 


Coal. 

Coke. 

Test  125. 

Test  1»- 

Moisture 

3.82 
a3.17 
53.17 

9.84 
.89 

0.54 

1.56 

84.27 

13.63 

.72 

1.43 

Volatile  matter 

0.2S 

Fixed  carbon 

86.n 

Ash 

11.55 

Sulphur : 

.« 

TESTS — TENNESSEE. 
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Cupola  Usls  of  coke  made  from.  Tenneuu  No.  4  eoaZ^ 
CUAEOE, 


I" 

^-                      IpiuJ 

MiLt«rlAij. 

DivisloQi  of  ctaJuigQ, 

1 3? 

Test 
No. 

BpedOc 

gmv- 

PhM- 
phoms. 

Ratio  [    '*J,, 
iJX"  1  ^ 

L 

2* 

S* 

4. 

6, 

TotAl. 

i' 

105 

I3» 

129 

1.91 

7 1  m.u 

7     I*U.O 
7,  M.4I 

Coke...... 

Pie  iron... 

Scrap 

Cotfi 

pig  Iron... 
Scmp ..... 
Coke.,..,. 
Pig  Iron.., 
acmp 

Lbi. 
ion 
S70 
JflO 

57D 
IflO 
IBO 
570 

AO 
430 

110 
60 
420 
140 

140 

140 
60 

m 

140 

eo 

420 
110 

m 
*   ^ao 

140 
60 
120 
140 

flO 
420 

no 

(Ml 
4:10 

4:ai 

140 

430 

a,2,S0 
430 
750 

a  Bulphyf  In  &0h,  t«i9t  103^  O.OH  p«r  cent. 
RECORD  OK  MELT. 


Btaul  prRiUfare, 

llOtL 

Wel^t  of  Hon. 

Melting. 

Reoav«Ti3d. 

fr 

OHKl— 

Max* 

tmmrl. 

P<MUed. 

Addi- 
tional 
melted. 

TotAi. 

Time, 

Rate; 

Ratio 

Iron  to 
ook^ 

Lofii. 

Iron. 

Coko. 

lor 

103 
138 

3.15p,n!.... 
3.36p.  m,... 
3, 51  p.  m. . . . 

Ox. 

7 

6 
7 
0 

1,7J1 
l.OU 
lj^5 

SIO 
131 

1,950 
2p04e 
2.127 

312 
31 

3,656 
3.1H0 
3,101 

li.57 
o.oa 

Per  a.  X**. 
A.60       152 
e.TO      7.53 
fi.  16       6Sa 

78 
&1 

LADLE  RECORD. 


Ladle  No. 


Toat  10*, 


TMtlOK. 


I'°-0»-     Jmo. 


Pounds. 


Time 
->.  m.). 


(p. 


T<i«tia& 


Pounds. 


Time 
(p.  m.). 


I... 
2... 
3... 
4... 
5... 
«... 
7... 
8... 
«... 
U).. 
11.. 
12.. 
13.. 
14.. 
15.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
22.. 
23.. 
24.. 


104 
62 
95 
79 
86 
22 
79 
91 
76 
107 
107 
81 
103 
110 
55 
103 
84 
74 
108 
105 


3.32 

3.32i 

3.35 

3.35i 

3.38 

3.38i 

3.40 

3.41i 

3.42 

3.45 

3.45i 

3.46 

3.48 

3.48i 

3.49 

3.50 

3.51 

3.54 

3.54i 

3.55 


94 
98 
48 
89 
111 
113 
87 
104 
97 
95 


91 
105 
34 
91 
100 
86 
70 
127 


2.38 

2.38J 

2.39 

2.42 

2.43 

2.43} 

2.46 

2.46} 

2.47 

2.48 

2.48} 

2.50 

2.51 

2.51} 

2.53 

2.54 

2.56 

2.57} 

2.58 

3.00 

3.03 


87 
73 
84 
46 
89 
79 

106 
60 
96 
31 
78 

116 
93 
71 
92 

122 
92 

102 
77 

103 
26 
74 
27 
49 


4.03 

4.06 

4.06} 

4.07 

4.00 

4.11 

4.11} 

4.13 

4.14 

4.14} 

4.18 

4.18} 

4.10 

4.23 

4.23} 

4.24 

4.28 

4.28} 

4.29 

4.32 

4.32} 

4.35 

4.35} 

4.40 


Remarks.— Tests  102  and  138:  Iron  hot.     Test  105:  Iron  very  hot  and  fluid. 
BBIQUETTING  TESTS. 

Tennessee  No.  4  (run  of  mine). 

Test  120, — English  briquets  made  at  179.6°  F.,  average  weight  3.3  pounds,  with  5 
per  cent  binder,  were  easily  broken,  showing  cracks  with  soft  edges;  those  made  with 
6.5  per  cent  binder  showed  improvement,  but  the  edges  were  not  eA^Axp,  ^tA  VXx^i 
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briquets  were  easily  broken;  those  with  6  per  cent  binder  were  satisfactory,  showing 
firm  edges,  hard  surfaces,  and  clean,  sharp  fracture;  those  with  6.5  per  cent  binder 
showed  improvement  on  surfaces  and  edges.  In  the  drop  test  with  briquets  con- 
taining 5  per  cent  binder  the  1-inch  screen  held  83.3  per  cent  and  passed  15.7  per 
cent;  with  5.5  per  cent  binder  85.4  per  cent  was  held  and  14.6  per  cent  passed.  Rcn- 
frow  briquets  made  at  149**  F.,  average  weight  0.4  pound,  with  6,  6.5,  and  7  per  cent 
binder,  had  smooth,  firm  surfaces  and  edges  slightly  soft,  though  generally  aatirfactory; 
7.5  per  cent  binder  made  the  best  briquets  of  the  lot;  all  surfaces  and  fractures  were 
entirely  satisfactory.    For  analyses  of  briquets  see  page  235  (steaming  test  405). 

Test  150. — ^Tennessee  No.  4, 80  per  cent;  miscellaneous  No.  5  (coke  breeze,  p.  292)  20 
per  cent.  Briquets  with  8  per  cent  binder  were  satisfactory,  with  no  difference  in  ap- 
pearance from  those  made  from  Tennessee  No.  4  alone.  They  were  tough  when  wann. 
easily  handled  and  stored,  and  had  rough  but  hard  surfaces.  The  briquets  were 
difficult  to  break;  the  fracture  was  uneven, '  although  the  edges  were  firm.  Tbe 
structure  was  porous. 

Test  151. — Tennessee  No.  4,  75  per  cent;  miscellaneous  No.  5,  25  per  cent.  With 
the  increased  percentage  of  coke  breezt*  (see  test  150)  the  briquets  were  easily  broken 
when  warm,  although  sufficiently  tough  after  cooling. 


Sizeasiispd: 

Over  i  Inch per  cent, 


A  inch  to  J  inch do 

nder  ^  inch do. 


J  Inch  to 
A  inch  to  ^  inch 

Ui 


)ft,i 


.do., 
.do... 


Test  120. 


Details  of  manufacture: 

Machine  used 

Temperature  of  briquets "F. . 

Bimler— 

Kind 

Laboratory  No.  (soo  p.  40) 

Amount per  cent. . 

Weight  of- 

Fui'I  briquettt'd 

Briquets,  uverago 

lloat  value  per  pound 

Ftiol  lis  rpcoivod  nVnn<\«»soe  No.  4 B.  t.  u. . 

?'uel  as  finMl do 

Binder do 

Weathering  tost: 

Time  exposed days. . 

Condition 


«•  See  iiotos  pnvedirig  talile. 
K.rt ruction  nnalifst s. 


3.2 
U.4 
19.9 
35.0 

m.0 

(•) 
(«) 

V.  g.  p. 
3410 
(•) 

44,000 

(«) 

12,578 


13,578 
16.478 


214 
B. 


Test  150. 


3.2 
10.9 
1&6 
25.8 
41.5 

Renf. 
149 


3410 
8 

40.000 
:532 

12.578 
11.036 
13,536 
16.478 

214 
B. 


TertlSl. 


IS 

101 

lil 

41.S 
1« 


40.000 
.513 

12.576 
11.036 
13.154 
16.478 

•:i4 
B. 


Laboratory  No 

\ir-drving  loss per  cent. 

Kxtnu'ted  ]>y  ii^z'. 

Air-driod do... 

As  received 'lo. . . 

Pitch  in  briquets  as  received do. . . 


79.  W8  I 


Fuels. 


I     Tenn. 
No.  4. 


4.70 


L.'iS  i 


Misc. 
No.  5. 


S.70 


..lO  i 


Briquets. 


Test  120. 1  Test  150.     Test  151. 


.■1.82 
.«•..  75 
5.56 


.1380 
0.60 


6.2 
6.2 


.29  I 


3Mi 

a«o 

6.53 
7.51 


TKXNKSSKF.  NO.  5. 


Bituminous  coal  from  Pctros,  Morgan  County,  on  the  Southern 
Railway,  was  designated  Tennessee  No.  5.  The  coal,  as  worked  from 
the  outcroj)  at  this  place,  averages  2  feet  10  inches  in  tliickness. 


TESTS— TENNESSEE, 


2m 


sample,  consisting  of  run-of-mine  Goal  inspected  and  loaded 
the  superv'ision  of  John  W,  G roves j  was  used  in  making  steam- 
ts  352,  357,  and  358;  producer-gas  test  125;  washing  test  172; 
test  154  (washed  coal) ;  and  cupola  tests  10(>  and  129. 

mine  samples  were  taken  for  chemical  analysis.  Sample 
'as  taken  2^500  feet  southeast  of  the  drift  month,  where  the 
easured  2  feet  8  J  inches  in  thickness.  Sample  2*150  was  taken 
eel  east  of  the  drift  mouth,  where  the  coal  measured  3  feet  4 
thickness. 

CHEKICAL  ANALYSES. 


Mine  snmplfiii. 

pie*.* 

6t«ikilitogte«»ti> 

359. 

367. 

3SB. 

T  No.   .   ...   ..      .     ., 

3»W 

i.ao 

2.35 
55.47 

ada 

3.84 

am 

430 

fliTS 

3.33 

10.0? 

ElOia 

irti ...,.,,.. , ._.„ 

•,7« 

3.  S3 

4se 
7i2a 

L72 

&«} 
ma* 

33.50 

s.se 

«L7a 

|e  ms-ttet, ,  .^^  ♦,!.,*■, ,^.  ... - 

3LM 

CftTboH ,..,*— ^.* 

M.13 

0.31 

IT ,.._,____,.. 

2.»5 

4ae 

7423 

3,12 

413 

i.*  .*                  .  .»....**    «. 

7476 

"BH.^, ... ,^, ^_.,i 

i.n 

(1 

&.U 

fkW 

It .,,..._,, _,.^--        ^  - 

3vl6 

ftloe  {§M  rwsBlTed): 

CSlOlllM. . 

7,I3S 
7,107 

ia.7ft3 

iiUiod,,.,. 

......... |...,  — 

ited    from   ultinmtfl 

< „. 

psU -_ 

Ib.  t.  u... 

.--...,,.. 

'""'*"* 

nple  from  steaming  teat  352  treated  as  car  sample. 

ndmate  analysia  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 


STEAMINQ  TESTS. 

Tennessee  No.  5  (run  of  mine). 


d: 

inch .per  cent. 

to  1  inch do... 

to  i  inch do. 

'  inch. 


.do. 


?e  diameter inch. 

of  test hours. . 

alue  of  coal B.  l.  u.  p<^r  pound  drj'  coal. . 

raft: 

stack  damper inch  water. . 

fire do 

smperature °  F. . 

isea  per  square  foot  of  grate  surface  p<'r  hour pounds. . 

t  water  evaporated  per  square  foot  of  water-heating  surface 

...  - pounds. . 

B  of  rated  horsepower  of  ])oiler  developt^d 

Mirently  evaporated  per  pound  of  coal  as  fired pounds. . 

porated  from  and  at  212*  F.: 

und  of  coal  as  fired do ... . 

und  of  drj  coal do 

und  of  combustible do 

of  boiler,  including  grate per  cent. . 

Jd: 

iicated  horsepower  hour pounds. . 

ctrfcal  horsepower  hour do 

licated  horsepower  hour do. . . . 

ctrfcal  horsepower  hour do 


Test  352. 

Test  357. 

29.1 

12.9 

17.3 

25.8 

20.9 

21.9 

32.7 

39.4 

.86 

.58 

9.98 

10.00 

13,604 

13,792 

0.62 

0.74 

.13 

.21 

2.456 

2,575 
22.49 

18.89 

'  3.40 

3.97 

95.4 

111.2 

7.08 

7.14 

a  52 

&33 

9.02 

&84 

10.31 

9.89 

64.03 

61.80 

a32 

3.39 

410 

419 

3.13 

a20 

a87 

i     ^'A 

19.9 
28.2 
20.6 
31.3 
.69 
10.00 
13,685 

0.75 

.20 

2,520 

22.12 

412 
115.5 
7.49 

8.69 
9.32 
10.52 
65.77 

3.25 
402 

3.03 
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Tennenee  Xo.  5  (nin  of  mine). 

r«e  JlS.—lhmlifm  erf  test,  60  houn.    Average  electrical  honepower,  186.7. 
age  B.  t.  u.  per  cubic  fnot  of  gas,  142.1.    Total  coal  fired,  12,900  pounds. 


Aw 


CoAlM 

And. 


CmI  eoflMiMUitf  in  pndmeer  per  kor$€pmter  komr  (pcmmds). 

Per  eiectrfoAl  honepower: 

CommercUUv  armiUible 

Derdoped  at  ewitchboArd 

Per  brake  noreepower: 


'  brake  boreepowe 
CommercUlfy  arailable. 
Dereloped  at  eogine 


Equivalent  uted  bp  producer  plant  (pounds) . 


Per  eleetrloAl  horeepower: 
CknnnierdaUy  araiUble — 
Dereloped  at  ewltcfaboArd . 

Per  brake  noricpower: 

Commerciauy  ftrailable 

Dereloped  at  engine 


1.26 
1.18 


1.61 
LSI 


1.37 
1.28 


^^""^ 


L44 
L35 


1.23 
LIS 


1.57 
L47 


L34 
L25 


1.31 
1.23 


1-U 
l.(M 


LIS 
LSI 


L24 

L14 


Analyses. 


Coal. 


MolMtiire 2. 54 

VolfttUe  nuttter 34. 64 

Fixed  carbon 53. 96 

A«h &86 

Bulpbur 3. 39 


Qas  bp  volume. 


Carbon  diojdde  (CO,) ILJ 

Carbon  monoxide  (CO) 17.0 

Hydrogen  (Hi) li' 

Methane  ((3H4) 1-7 


Nitrogen  (H,). v-    •*^? 

Ethylene  (CSo 5 


WASHING  AND  COKING  TESTS. 


Washing  test  17 J. — Size  an  used:  Crushed  to  2  inches.  Jig  used,  Stewart.  Raw  coal 
18,450  iKmnds;  washed,  Hi.OOO  pounds:  refuse,  2,450  pounds. 

('ohinfj  test  154- — Size  as  used:  Washed,  finely  crushed.  Duration  of  test,  49houi& 
Coal  charj^ed,  1 1 ,570  pounds.  Coke  produced,  G, 807  pounds,  58.83  per  cent.  Breea 
pHKluced,  354  pounds,  2.20  i>er  cent.  Total  yield,  61.03  percent.  Light  gray  and 
silv(?ry.     (JchxI,  strong,  heavy  coke.     High  sulphur  not  removed  by  washing. 


Analyses. 


Moliituro 

Volatile  matter. 
Fixed  cari)on  — 

Ash 

Sulphur 


Washing  test  172.   i     Coking  test  154. 


Raw  coal. 


Washed 
coal. 


.').  59 
.33.  fi'2 
51.03  I 
9.76  I 
3.23 


5.29  I 


5.64  I 
2.40  I 


Coal. 


5.53 
35.06 
53.28 
6.13 
2.44 


Ck)ke. 


9a  41 
&5S 
3.01 
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^ 

Cupoia 

texts  of  vote  made  from  TemieM9fe  No,  $  eool  (iMi^ed)^ 
CHARGE. 

tB8t 

No. 

Cokx. 

idity 
strip 
full. 

Uaterialj. 

Dl^iikui*  of  f^bus^ 

Tent 

gntvi* 

Hatlo 
irtirt  to 
coka 

I, 

z 

». 

4. 

fi. 

T^Ul. 

120 

154 

L9l 

L»l 

7 
7 

Colw 

S^rftp...-.-. 

Colce,...,.,. 

Pigtron 

So  r»p. -.-... 

m 

iw 
tw 

570 
t«0 

14U 

m 

140 

m 
««o 
m 

m 
m 

HO 

no 

1-UI 

no 

4ao 

TSO 
430 

750 

RECORD  OF  MELT. 


Iron 
to— 

Wdghtaflron,       [                UiAUng. 

RfOoyiired, 

OnAi— 

Mftxi- 

FcHifed. 

Addl- 

t[oiuil 

TotalJ/TlM*. 

hour. 

Hatlo, 
Irnn  lo  Loak. 

Inon. 

Coka 

10« 

0£. 

7 
7 

7 

ltS2;5 

114 

41 S 

Lbs. 
2,473 
2,2^ 

11 

3,058 

LV,3C} 

8,30 
fl.  13 

Lb*. 

573 

73 
74 

LA1>LE  RECORD. 

Libiito 

1^  . 

TertlOS. 

TMtim 

Ladl«Nc. 

TflSt  106. 

Tis«tl59. 

Fgtmdi. 

Time 

PooDdj. 

Time 
(1.  HI), 

Pcmadg. 

Time 

FofiDil^ 

T|]]i« 

[ 

a., „ 

c 

1 .,.. 

1 

loa 

m 
too 
116 

SI 
100 

9.35 
0.251 

0.29 
0,30 

0.33 
0.321 
0.35 

t.^ 

0.38 

§0 
05 
01 
64 
87 
SS 
U 
76 
S4 
102 
05 

m 

g.50  ' 
10.  {35  > 
lO.Qti 
10.  OO 
10.  {XJ^ 
10. 10 
10.  lU 
10. 12  i 
10,12} 
10. 1.1 
Iii.  12^ 

IS 

16 

16, 

17....... 

10 

Jti 

21 

22 

23 

Ill 

m 

111 
lU 
1^ 
101 
07 
74 
105 
124 

0.391 

9.40 

0.40J 
0.41 
0.42 

o.4ai 

0.43 

0.46 

ft.  47 
0.51 

ao 
104 
jS 
115 
10« 
»4 
83 
32 
00 
7& 

10.14 
10.111 
10. 16{ 
10.16 
to.  1411 
10.17 

lan 

i:::::::; 

8r 

J3 

24 

I      " 

Remarks. — Test  106:  Iron  very  hot  and  fluid. 


TENNE88EK  NO.  0. 

Bituminous  coal  from  a  mine  located  3  miles  northwest  of  Wal- 
densia,  Cumberland  County,  on  the  Southern  Railway,  was  desig- 
nated Tennessee  No.  6.  The  coal,  as  worked  from  the  outcrop  at 
this  place,  averages  4  feet  in  thickness. 

The  sample,  consisting  of  run-of-mine  coal  inspected  by  John  W. 
Groves,  was  used  in  making  steaming  tests  379,  380,  and  381;  pro- 
ducer-gas test  110;  coking  test  122;  and  cupola  tests  112  and  141. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
2977  was  taken  200  feet  west  of  the  drift  mouth,  where  the  coal 
measured  3  feet  6  inches  in  thickness.  Sample  2978  was  taken  350 
feet  northeast  of  the  drift  mouth,  where  the  coal  measured  4  feet  6 
inches  in  thickness. 

19698— Bull.  No.  332—08 16 


BEPORT  U.  S.  FUEL-TESTING  PLANT,  1906-7. 

CHXMICAL  ANALYSES. 

Tennessee  No.  6. 


Mine  samples. 

Car 

■ample. 

Steamins^  testa.* 

379. 

380. 

<      ». 

Lftborfttory  No                       

2977 
2.70 

3.80 
30.72 
60.96 

4.50 

2978 
1.90 

3.00 
30.88 
50.96 
6.16 
1.08 

3108 
2.90 

3.89 

27.61 

54.07 

14.43 

.78 

4.84 

70.04 

.98 

&93 

1 

Atr-drviiur  Iom 

L 

Proximate: 

Moisture 

2.74 
26.95 
61.77 
1&54 
.74 

4.37 

69.42 

.96 

&41 

19.06 

.76 

3.18 

27.21 

53.93 

1&68 

.77 

4.53 
71.88 
1.00 
&61 
16.19 
.80 

Ill 

Volatile  matter 

2177 

Fixed  carbon 

S2LS7 

Aah 

Sulphur 

Ultimate: 

17.» 
.71 

ill 

Carbon .            .1 

m.n 

Nitrogen \ 

.« 

Oxysen 

&« 

ASr!^:::::::::::::::::::::::::::::::i:::::::::: 

18.9 

Sulphur _  -  . 

.71 

Calorific  value  (as  received): 

7,879 
14,182 

6,952 
12,514 

6,959 
12,528 



Determined {b  t  u  * ' 

Calculated   from   ultimatejcaiories  . 

analysis .\b.  t.  u.  . . 



o  Proximate  analysis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sampls. 

STEAMING  TESTS. 
Tennessee  No.  6  (run  of  mine). 


Size  as  used: 

Over  1  inch per  cent. . 

k  inch  to  1  Inch do 

I  inch  to  i  inch do I 

Under  J  inch do \ 

Duration  of  teat hours. .! 

Heating  value  of  coal U.  t.  11.  per  pound  dr>'  coal.  .| 

Force  of  draft:  j 

Under  stack  damper inch  water. . 

Al>ove  fin^ do • 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  per  squan»  foot  of  water-heating  surface  j 
per  hour pounds,  .j 

Percentage  of  rated  horsepower  of  l>oiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212**  F.:  ] 

Per  pound  of  coal  as  fired do 

Per  pound  of  dry  coal do , 

Per  pound  of  combustible do | 

Efficiency  of  boiler,  including  grate per  cent. .; 

Coal  as  fired:  I 

Per  indicated  horsepower  hour pounds. .' 

Per  electrical  horsepower  hour do 1 

Dry  coal:  1 

Per  Indicated  horsepower  hour do I 

Per  electrical  horsepower  hour do 


Mt379. 

Test  380. 

27.7 

27.8 

19.8 

34.7 

9.88 
12,406 

10.03 
12,839 

0.59 

.14 

ia42 

0.67 

.19 

1&57 

3.25 
9.12 
7.30 

«2.98 
a8.35 
06.59 

8.61 

8.85 
11.29 
68.87 

a  7. 78 
a&04 
«9.87 
0  60.47 

a28 

4.05 

03. 63 
04.49 

3.20 
3.94 

03.52 
04.34 

21.7 
17.4 
19.8 
41.8 

laos 

12,50S 

aTo 

.19 
18.35 

1S8 
80.7 
6.42 

7.61 
7.8S 
ia04 
60.70 

3.72 
4.59 

aflo 

4.44 


o  Questionable. 
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FBODUCES-OAS  TEST. 

Tennessee  No.  6  (run  of  mine). 

Test  110. — Duration  of  test,  30  hours.    Average  electrical  horsepower,  156.    Average 
,  t-  u.  per  cubic  foot  of  gas.  133.3.    Total  coal  fired,  7,950  pounds. 


Coal  as 
flred. 


DrycoaJ. 


Combus- 
tible. 


CoaH  eofMwmed  in  producer  per  hortepower  hour  {pounds). 

«r  «lectilcal  horsepower: 

Ccnmneicially  ayallable 

Developed  at  switchboard 

*er  biake  norsepower: 

CommerciaUV  available 

Developed  at  engtaie 

EqaivdUnt  used  by  producer  plant  (pounds) . 

Pttr  etoctiical  horsepower: 

CommerciaUv  available 

Developed  at  switchboard 

Per  bzake  horsepower: 

Commeioiauv  available 

Developed  at  engiiie 


1.84 
1.70 


1.56 
1.45 


2.02 
1.87 


1.72 


1.78 
1.64 


1.51 
1.39 


1.95 
1.80 


1.66 
1.53 


1.40 
1.28 


1.19 
1.10 


1.53 
1.42 


1.30 
1.20 


Analyses. 


OxiZ. 


Moiiture 3.55 

VoUtite  matter 26.00 

nxed  carbon 49. 88 

Aih 20.67 

Bolphur 70 


Oas  by  volume. 


Carbon  dioxide  (C0|) 12. 3 

Carbon  monoxiae  (CO ) 15. 0 

Hydrogen  (H,) 14.0 

Methane  (CH^) 19 

Nitrogen  (Ni) 56.4 

Ethylene  rCjH*) 4 


COKINO  TEST. 

Tennessee  No.  6  (run  of  mine). 
Test  122. — Size  as  used:  Raw,  finely  crushed.    Duration  of  test,  43  hours. 


Coal 


duttged,  12,000  pounds.  G)ke  produced,  7,712  pounds;  64.27  per  cent.  Breeze 
pRxiuced,  314  pound?;  2.62  per  cent.  Total  yield.  66.89  per  cent.  Light  gray  and 
«Ivery.    Good,  heavy,  strong  coke.     Could  be  improved  by  washing  to  reduce  ash. 

Analyses. 


Coal. 

Coke. 

Moisture 

2.05 
27. 30 
55.12 
15,47 
.90 

0.22 

Volatile  matter 

.91 

TIzed  carbon  x     

79.01 

Ash 

19. 8H\ 

Biilphur 

.69 

Cupola  tests  of  coke  inadefrom  Tennessee  No.  6  coal. 
CHARGE. 


CopolA 

test 
No. 

Coke,  a 

Fluid- 
ity 
strip 
fuir. 

Perct. 
99.9 

s'F 

Ratio 
Iron  to 
coke. 

Materials. 

1 
112          122 

141  1        122 

1.05 
1.96 

7 
7 

Coke 

Pig  iron... 

Scrap 

Coke 

Pig  iron.... 
IScrap 

Divisions  of  charge. 

Total. 

1. 

2. 

3. 

4. 

.5. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

230 

50 

50 

50 

50 

430 

690 

390 

390 

390 

390 

2,250 

1        230 

130 

130 

130 

130 

750 

220 

53 

53 

52 

52 

430 

660 

398 

398 

397 

397 

2,250 

220 

133 

133 

132 

132 

750 

\ 

a  Sulphur  in  ash  0.03  per  cent.    Phosphorus  in  coke,  0.0834  per  ceaX. 
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Cupola  tests  of  coke  made  from  Tennessee  No.  6  coal — Continued. 
RECORD  OF  MELT. 


Cupola 
tart 
No. 

Blast  preMure. 

Iron 
nm- 

Weigtit  of  iron. 

Meltii«. 

Recovered. 

Onat— 

Mazi-' 

mum. 

'Addi-I 

Pound,  tional  ,  TotaL 

melted. 

T^. 

Rate 
hoar. 

Ratio 

iron  to  Loss, 
coke.  1 

Iron.  Coke. 

i 

112 

&06a.m.... 

Oz,    . 

7 

mnt. 

Lbi.    j    Lbs.    '  Lbs. 

JtftlU. 

Lb9. 

!p«r  rt. 

1 

Lbs.   Lbs. 

141 

^ 

' 

749          296     1,045          30  !  2,090 

i48|    4.90  1,808;     197 

•  Blast  on  30  minotes;  no  iron  mdted.    Coke  very  hi^^  in  ash^  and  dirty. 
LADLE  RECORD. 


Ladle  No. 


Test  141. 


Test  141. 


Poonds. 


I     Time 
I  (a.  m.). 


Ladle  No. 


i- 


3«  I 

78  ' 

88 

78 

09 

40 

57 


i  8. 


&18 
&23 

8.24  .  10. 

&28  !  11. 

&28i:  12. 

8.29  :  13. 

&32  ;  14. 


Pounds.  1 


Time 


I  (t.m.). 


57 

&32i 

45 

8.33 

55 

8.35 

51 

&36J 

24 

8.37 

5« 

8.39 

15 

&« 

Remarks.— Tost,  141:  Iron  cold. 

te:n:n:e88ek  no.  7. 

Bituminous  coal  from  Wilder,  Fentress  County,  on  the  Southern 
Railway,  was  designated  Tennessee  No.  7.  The  coal,  as  worked 
from  the  outcrop  at  this  plac^,  averages  4  feet  4  inches  in  thickness. 

Two  samples  of  coal  were  shipped  from  this  mine,  both  inspected  by 
John  W.  Groves.  Tennessee  No.  7  A  consisted  of  run-of-mine  screened 
over  a  i-inch  by  1-inch  shaker  screen,  and  was  used  in  making  steam- 
ing tests  372,  373,  and  374  and  producer-gas  test  108.  Tennessee 
No.  7  B  consisted  of  slack  coal  through  a  plate  perforated  with  J-inch 
by  1-inch  holes,  and  was  used  in  making  steaming  test  406  (on 
briquets);  washing  test  156;  coking  tests  121  (raw)  and  123  (washed); 
cupola  tests  113  and  137;  and  briquet  ting  test  121. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2979 
was  taken  2,000  feet  north  of  the  drift  mouth,  where  the  coal  measured 
4  feet  7  inches  in  thickness.  Sample  2980  was  taken  1,500  feet  east  of 
the  drift  mouth,  where  the  coal  measured  4  feet  i  inch  in  thickness. 
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GHZKICAL  ANALYSES. 

Tennessee  No.  7. 


Mine  samples. 

Car  sam- 
plc.a 

Steaming  tests.b 

372. 

373. 

374. 

406. 

LaboratOTy  No 

2ir70 
2.00 

3.46 
34.73 
52.73 
9.06 
2.42 

2960 
1.80 

3.04 
36.37 
50.46 
10.13 

3.84 

3133 
1.70 

3.03 
34.91 
49.21 
12.85 

3.26 

5.03 

69.26 

1.27 

8.33 

1 

AliHlryiQKloM. 

1 

Pioztabato: 
Motolon 

2.98 
34.46 
49.58 
12.98 

3.35 

4.83 
71.23 

1.31 

5.79 
13.39 

3.45 

3.06 
34.30 
48.49 
14.15 

4.18 

4.70 
69.47 

1.27 

5.65 
14.60 

4.31 

3.36 
33.62 
49.45 
13.57 

3.34 

4.79 
7a  67 

1.29 

5.75 
14.04 

3.46 

3.87 

VoUtllemfttter.. 
Fizad  carbon 

35.80 

50.77 

Aah 

10.06 

Bolphiir 

2.09 

Ultimate: 

5.02 

dtrbon 

75.58 

Nltrogm 

1.36 

5.47 

AKr!?.*.'.:::::::::::::::::: 

10.41 

Sulphur 

2.16 

CUoitflo  value  (m  raoelTed) : 

7,213 
12,963 

7,001 
12,602 

7,045 
12,681 

Determined 

,B.t.u... 
calories.. 

CalenlAtedfrom  ] 

1 

ultimate  enai- 

B.  tu... 

1 

y*» ) 

1 

«  Sample  from  producer-^as  test  108  treated  as  car  sample. 

»  Proximate  analjrsis  of  fuel  as  fired;  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 

STEAUNQ  TESTS. 

Tennessee  No.  7. 


BiMasused: 

Over  1  inch percent.. 

4  inch  to  1  inch do 

{izkch  to  I  indi do.... 

Under  4  Inch do 

Duration  M  test hours.. 

Heating  value  of  fuel B.  t.  u.  per  pound  dry  fuel. . 

Fofoem  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Fomace  temperature °F. . 

Dry    fUel    used    per    square    foot    of   grato    surface    per 

boar pounds.. 

Bqutvaleot  water  evaporated  per  square  foot  of  water-heat- 
ing surface  per  hour .• pounds. . 

Peroentage  of  rated  horsepower  of  boiler  developed 

PVater    apparently    evaporated    per    pound    of    fuel    as 

lired pounds.. 

^atar  evaporated  from  and  at  212o  F. : 

Per  pound  of  foel  as  fired do.... 

Per  pound  of  dry  fbel do 

Per  pound  of  combustible do 

percent.. 


B. 


Test  372.  Test  373.«  Test  374.   Test  406. 


Sflleiaicv  of  boiler,  hicluding  grate . 


Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  fuel:  I 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


51. 6 
22  6 
12.4 
13.4 
9.98 
12,965 

0.48 
.15 

2,04yO  I 


3.59  I 
100.7  I 

7.04  I 

8.33 
8.59 
10.11 
63.98 


3.39 
4.19 


3.29 
4.06 


I 


26.1 
37.5 
18.5 
17.9 
9.93 
12.681 

0.69 

.23 

2,958 

26.76 

4.53 
127.1 

6.93 

a23 
8.49 
10.06 
64.65 

3.44 
4.24 

3.33 
4.11 


47.3 
20.4 
12.6 
19.7 
9.95 
12,866 

0.49 

.15 

2,461  j 

ia45 

3.26 
91.4 

7.22 

8.56 

8.86 

10.48 

66.50 

3.30 
4.08 

3.19 
3.94 


p.247 

6. 15 
1.3,547 

0.64 

.17 

2.420 

20.91 

3.85 
108.0 

7.66 

a92 
9.23 
10.42 
65.80 

3.17 
3.91 

3.06 
3.78 


a  Maximum  capacity  test. 

Remarhs.—TeBt  406  on  briquets  from  test  121.  The  briquets  burned  with  a  long 
flame,  cracked  open  to  a  depth  of  three-fourths  of  an  inch,  coked,  and  held  together 
well  until  entirely  consumed.    No  smoke;  very  little  clinker;  reddish-brown  ash. 
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PBODTTGEB-GAS  TEST. 

Tenneseee  No.  7  A  (run  of  mine). 

Test  108. — Duration  of  test,  50  hours.     Average  electrical  hoiBepower,  192.5.    Aver- 
age B.  t.  u.  per  cubic  foot  of  gas,  154.6.     Total  coal  fired,  14,400  pounds. 


Coal  as 
fired. 


Dry  coal. 


Combus- 
tible. 


Coal  consumed  in  producer  per  horsepower  hour  (pounds). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


Equivalent  used  by  producer  plant  {pounds). 


Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard . 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


1.60 
1.50 


1.36 
1.27 


1.74 
1.63 


1.48 
1.38 


1.55 
1.45 


1.32 
1.23 


1.60 
1.58 


1.43 
1.35 


1.35 
1.26 


1.14 
1.07 


1.46 
1.37 


1.24 
1.16 


Analysis  of  gas  by  volume.<^ 

Carbon  dioxide  (COj) 11.2 

Carbon  monoxide  (CO) 17. 4 

Hydrogen  ( H j) 15. 3 


Methane  (CH^) 2. 3 

Nitrogen  (Nj)  . . . 
Ethylene  (.CiHO- 


Nitrogen  (Nj}^. 53. 3 


WASHING  AND  COKING  TESTS. 

Tennessee  No.  7  B  (slack). 

Washing  teM  150. — Jig   usod,  Stewart.     Raw   coal,   31,000  pounds;     washed  coal, 
21,000  pounds;   rofusp,  10,000  pounds. 

Coking  tests. 


Size  as  used 

Diirulion  of  t<?st hours. . 

Coal  charged pounds. . 

Cok..  i>n.auc<..l {i>or"«nt:: 

Breeze  prclueed {^l^^nC. 

Total  yield do 


Test  121 
(raw). 


f.c. 

46 

12,000 

6.680 

55.67 

716 

5.07 

61.64 


Teat  123 

(w.). 


f.c. 

50 

12,000 

6.911 

57.ffl 

33 

2.68 

6a28 


Remarks. — Test  121:  Poor  roko,  soft  and  punky;  coal  high  in  ash  and  sulphu;; 
might  hv  imi)rc)VLKl  by  wasliing.  Test  123:  Light  gray  and  silvery,  with  good  ring; 
great  improvement  over  raw  charge;  sulphur  still  too  high. 

Analyses. 


Moisture 

Volatile  matter. 
Fixed  carbon... 

Ash 

Sulphur 


Washing  test  156.   |    Coking  test  121. 


Raw 
coal. 


Washed 
coal. 


7.88 
28.28 
46.43 
17.41 

3.43 


7.04 


10.12 
2.26 


Coal. 


7.88 
28.28 
46.43 
17.41 

3.43 


Coke. 


0.43 

.36 

74.43 

24.78 

2.98 


Coking  test  123. 


Coal. 


a  37 
32.29 
40.02 
10.32 

2.21 


Coke. 


aS7 

.S7 

83.9 

14.97 

1.77 


a  For  analyses  oi  fuel  used  aee  p.  245  (sample  3133). 
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fSipola  iiMU  of  mle  made  from  TenjiCSMer  .Vo.  7  B  rml  {tua^ied). 
CHAAQE, 


Hits 


Coke.o 


Te«t 
No. 


BpeoUk 
grmv- 


12a 


1.93 
1.93 


tUtlo 
iron 


FLuid- 
ML 


ItAtDiiifcla. 


esLia  ^ 


Coke... 

Fis  iron, 
ficrap--. 
Coke.,,, 

Pig  Iran. 


DXTUiotm  of  elituffi. 


Lhi. 
190 
570 
100 
130 
6T0 
1«» 


00 
OO 
140 
flO 
420 
140 


fiO 

«ao 
i«) 
eo 

400 
140 


Lb*. 
60 
4:20 
liO 

430 
140 


60 

140 
00 
430 
140 


ToUL 


X4i. 

4^ 

2,3ao 

7B0 

mo 

2.2S0 


a  gulpbur  [n  ^U,  Oj04  per  <^Tit.     Phoiiphonia  in  cake,  0.046S  ppr  oent. 
ftECORD  OF  MELT, 

aiuLpremuTti. 

lE- 

Weight  (jf  Iron. 

MeltJnff, 

EecoTipjinl, 

On  ftt" 

mum. 

Poured. 

Addi- 
tionai 

Total. 

Time. 

Rate 

per 

hour. 

HAtto 

Iron 

to 

cokiL 

Lo». 

Iron, 

Cok** 

10 

137 

3JQp.  IIL.„. 

loio  A.  m... 

Min. 

s 
9 

2,as4 

1,446 

132 
444 

2.616 
1,890 

30 
»4 

I6#. 
fip032 
:k336 

6.26 

12.  tn 

5.60 

122 
%42 

Ut 

t2S 

LADLE  RECORD. 


Tettlia. 

Teat  137. 

TAdle  No. 

Test  113. 

Teet  137. 

Ladle  No. 

Poiinda. 

Time 
(p.m.). 

Pounda. 

Time 
(a.m.). 

Pomids. 

Time 
(p.  m.). 

Pounds. 

Time 
(a.  m.). 

1. 

03 

3.47 

88 

10.48 

14 

105 

4.03 

63 

11.02 

2 

56 

3. 47  J 
3.5l{ 

96 

10.48} 

15 

87 

4.03} 

35 

11.03 

102 

61 

10.49 

16 

94 

4.04 

86 

11.06 

93 

3.62 

76 

10.53 

17 

105 

4.05 

61 

11.07 

78 

3.56 

88 

10.53} 

18 

88 

4.05} 

67 

11.12 

102 

3.56} 

93 

10.54 

19 

90 

4.06 

84 

11.13 

83 
71 

106 
97 
87 

110 

3.57 

3.59 

3.59} 

4.00 

4.01 

4.01} 

4.02 

67 
70 
76 
97 
92 
100 

10.55 
10.55} 
10.56} 
10.57 
10.58 
10.50} 
11.01 

20 

21 

22 

23 

24 

25 

106 
83 
90 

106 
84 
96 

4.07 

4.07} 

4.06 

4.06} 

4.09 

4.09} 

4.11 

10: 

;i. ::::::: 

12. 

u. 

93 

46 

26 

79 

Remarks. — Test  113:  Iron  very  hot  and  fluid.     Blast  off,  3  minutes.     Test  137:  Iron 
^Id. 

BBiaUETTING  TEST. 

Tennessee  No.  7  B  (washed  slack). 

Test  Itl. — Size  as  used:  Over  J  inch,  1.8  per  cent;  ^j^  i^^^  ^o  J  inch,  10.8  per  cent; 
A  inch  to  ^  inch,  19  per  cent;  ^  inch  to  ^  inch,  21  per  cent;  through  ^  inch,  47.4 
per  cent.  Machine  used,  English.  Temperature  of  briquets,  179.6°  F.  Kind  of 
binder,  water-gas  pitch;  laboratory  No.  3410  (see  p.  40).  Amount  of  binder,  5.5,  6,  6.5, 
and  7  per  cent.  Weight  of  fuel  briquetted,  7,000  pounds;  average  weight  of  briquets, 
3.08  pounds.  B.  t.  u.  per  pound  of  coal  as  received,  12,447;  per  pound  of  briquets  as 
fired,  13,090;  per  pound  of  binder,  16,478.  Weathering  test:  Days  exposed,  200;  con- 
dition, B.    For  analyses  of  briquets  see  page  245  (steaming  test  406). 
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Briquets  with  5.5  and  6  per  cent  of  binder  had  firm  edges,  but  sur&tces  were  sli^tly 
crumbly  when  rubbed;  broke  with  a  clean  fracture,  leaving  a  firm  surface;  those  with 
6.5  and  7  per  cent  of  binder  hsul  hard  and  smooth  surfaces;  fracture  hard  and  firm. 
Not  enough  coal  was  furnished  to  make  tests  on  Renfrew  machine  or  steaming  tests 
on  unbriquetted  fuel. 

Drop  test. 


Percentage  of  binder. . 
Held  by  1-inch  screen 
rassed  1-inch  screen., 


5.5 

6 

&5 

78.3 

70.9 

89.5 

21.7 

ao.1 

ia5 

9S.2 

48 


Extraction  analyses. 


Pitch.         Fuel.     i^^S^ 


Laboratory  No 

Air-dryimf  loss pt»r  cent . 

Extracted  by  CSj: 

Air-dried do. . . 

As  rt-cei ved do. . . 

Pitch  in  briquets  »is  r«x'eiv«'d <lo. . . 


3410 


79.96 


1.96  ; 
1.84 


6.10 
6.05 


TT^XXESSEE  XO.  8. 

Bituminous  coal  from  Clifty,  White  County,  on  the  Nashville, 
Chattanooga  and  St.  Tjouis  Railway,  was  designated  Tennessee  No.  8. 
The  coal,  as  worked  from  the  outcrop  at  this  place,  averages  3  feet 
6  inches  in  thickness. 

Two  lots  of  coal  were  sliipped  from  this  mine,  both  inspected  by 
Jolm  W.  Grov(»s.  Tennessee  No.  8  A  consisted  of  '^  special  run  of 
mine,"  wliicli  is  made  ])y  j)assing  coal  over  a  }-inch  screen  and  retum- 
in^:  about  S  ])er  cent  slack  to  the  sample.  Tennessee  No.  8  B  con- 
sisted of  *'scrc(»nc(l  run  of  mine/'  wliich  was  passed  over  a  }-inch 
scn»en  and  bad  about  IS  ])(t  cent  of  slack  returned  to  it.  These 
samj)lcs  were  used  mixed  in  making  steaming  tests  384  (raw),  385 
(raw),  and  .'^SS  (waslied) ;  pnuhicer-gas  tests  (washed)  116  and  119; 
wasliing  test  157;  coking  test  134  (washed  coal),  and  cupola  tests  114 
and  135. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3005 
was  taken  2,100  feet  north  of  the  drift  mouth,  where  the  coal  meas- 
ured .3  f(»et  i  inch  in  thickness.  Sample  3000  was  taken  1,900  feet 
north  of  the  drift  mouth,  when*  tb(»  coal  measured  4  feet  in  thickness. 


Tests — Tennessee, 
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GHEKCAL  AJTALYSES. 


Mtne  wmiiaiw. 

C^  iamplei. 

A* 

B. 

3S4. 

3Sfi. 

3§a. 

T.Ah<rnLtnrv  Nn 

3tm 

10. 7« 

ai3 

3006 
3.23 

3137 

Leo 

2,03 
33.51 

13,42 

4,38 

Llil 

6.84 

3L2fl 
J.  00 

3.12 
33.  m 
40.85 
1412 

C74 

4.6S 

K23 
7.fl3 

ALr-drviiiir  Lod^t       -    *-  -  -*-  + 

* 

Froxtmat«: 

If  otrtuTB „ 

2.40 

50.12 
H.«7 
5. 28 

4,41 
tie.37 

L25 

4.32 
l.'S.M 

A,  41 

2.36 
33.tlU 
,^72 
13.32 

4.74 
7L37 

Ll» 

4.63 
13.04 

4.43 

3;  83 

'\^oliitiip  mutter,, „,*,„_,. 

34.70 

FlJtcd  f^rboit  p,^^..,,^«,-^. 

5134 

A«h 

10.23 

ftulphtiT.,..,-..*,,..*-...*^ 

2Ld2 

intimate: 

5.00 

CBjhOTl , 

„-.,.,.— 

75.  Bl 
L28 

Oxyfipn  „,,.., .*.. , 

4.1)1 

A«5.„... .,„.... , :      : 

to,  5t 

Soipbur.* 

3.0D 

7,wa 

13,5t7 

.1^ 

<^SSjf^J™?Ujor1^B.. 

^4J^**»^;JB.I.u... 

4  PToxliiuit« ftHAlf «L«  of  fiidl  a«  flrfid ;  uLtlnutr  AEiaJyAl»  at6ty  hiel  figvtwd  from  »r umple. 

sTEAjcnra  tests. 

Tenneesee  No.  8  (run  of  mine). 


Test 


Test 
385. 


Test 
388 

(w.). 


i|x«  as  UAfd: 

QyvF  1  Inch. .  „ , per  cent. . 

I  inch  to  1  inch do 
tnch  to  )  Inch.,.  ,„ do 
Tnder  i  Jncb , , ^ , do 

Durailon  ol  teet .,....,.,.„ hoars. . 

Healing  vaIup  of  conl B.  t.  ii.  per  pound  dry  coal.. 

Fert*  111  4rAji: 

I  'nder  stack  *|iiiiip«T, Inch  water. . 

AiKjvi*  hrv  (natural  tlmfi j  * do 

In  aab  pi  i  ^  fLirce<J  Orsfl)  * ,  ^ do 

^im Li^v,.  t ►.rrip.rature **  F. 

Lv  ■      ;.ij  per  iquiLru  foot  i  if  grate  surface  per  hour pounds. . 

Squivalent  water  evaporated  per  square  foot  of  water-heating  surface 
per  hour pounds. . 

Peroeotage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. . 

Water  evaporated  from  and  at  212**  F.: 

Per  pound  of  coal  as  fired do 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

EfBcien^  of  boiler,  hicluding  grate per  cent. . 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horseiiower  hour do 


36.6 
28.1 
15.8 
10.5 
10.08 
12,758 

0.58 
.14 


15.64 

2.60 
72.8 
6.87 

8.12 

8.32 

10.19 

62.98 

3.48 
4.30 

3.40 
4.20 


37.0 
26.1 
14.6 
22.3 
10.06 

i3,ogo 

0.62 


.25 
2,243 
18.40 

3.06 
86.5 
6.98 

8.20 
8.40 
9.94 
61.97 

3.45 
4.26 

3.37 
4.16 


27.5 
25.6 
19.4 
27.5 
10.03 
13,532 

0.56 
.18 


2,300 
20.47 

3.78 
106.1 
7.68 

8.99 
9.26 
10.52 
66.08 

3.15 
3.88 

3.05 
3.77 


PBODUCEB-GAS  TESTS. 

Tennessee  No.  8,  washed  (run  of  mine). 


Daration  ol  test hours. .  50 

iverage  electrical  horsepower 147. 4 

iverage  B.  t.  u.  per  cubic  foot  of  gas * \U.^ 

Total  coal  fired poviiidB..\  U,^£D 


Test  116.   Test  119. 


24 
197.0 
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PBODTTCEB-OAS  TESTS— Continued. 
Tennessee  No.  8,  washed  (run  of  mine). 


Test  116.a 

Test  119. 

C^mlas 
fired. 

Drv 
coal. 

Com- 
buBtlbie. 

Coal  as 
fired. 

Dry 
coaL 

Com- 
biistihle. 

Coal  apruumed  in  producer  jxr  horse- 
power hour  (pounds) . 

Per  electilcal  horsepower: 

Commercially  available 

1.48 
1.39 

1.26 
1.18 

1.58 
1.48 

1.34 
1.26 

1.44 
1.35 

1.23 
1.15 

1.54 
1.41 

1.31 
1.23 

i.ao 

Developed  a{  switchboard 

1.56 

\.!& 

1.37 

1.22 

Per  brake  horsepower: 

Commercially  available ... 

1.10 

Developed  at  engine 

1.32  I          1-30 

l.lfl 

1.03 

Equivalent    used    by   producer    plant 
{pounds). 

Per  electrical  horsepower: 

Conmiercially  available 

1.39 

Developed  at  switchboard. . 

l.(i9  1          1-(ifi 

1.48 

1.30 

Per  brake  horsepower: 

Commercially  available 

1.18 

Developed  at  engine 

1.43 

1.41 

l.!26 

1.10 

a  Without  tar  extractor. 
Analyses, 


Coal. 

Moisture 

Volatiie  matter.. 

Fixed  carbon 

Ash 

Sulphur 


Test  lltt. 

Test  119.  j 

1.G2 

2.43 

34.44 

35.41 

53.32 

52. '29 

10.62 

9.87 

3.05 

3.06 

Cfat  by  volume. 

Carbon  dioxide  (COj) . . 
Carbon  monoxide  (CO) 

Hydrogen  (Hj) 

Methane  (CH«) 

Nitrogen  (Hi) 

Ethylene  (CjTI*) 


Test  116. 


9.9 
19.7 
14.3 

1.9 

53.8 

.4 


Test  119. 


9.7 
19.1 
15.1 

2.1 

5J.5 

.5 


WASHING  AND  COKINO  TESTS. 

Tennessee  No.  8  (run  of  mine). 

Washin{j  test  157. — Size  as  used,  crushed  to  2  inches;  jig  used,  Stewart.  Raw  coal, 
98,000  pounds:   washed  coal,  86,000  pounds;   refuse,  12,000  pounds. 

Cokimj  test  IS't. — Size  as  used,  washed,  finely  cmshed.  Duration  of  test,  45  hours. 
Coal  charged,  12,000  pounds.  Coke  produced,  6,870  pounds,  57.25  per  cent.  Breeze 
produced,  320  {pounds,  2.67  per  cent.  Total  yield,  59.92  per  cent.  Light  gray  and 
silvery.    Good  coke  physically,  but  washing  does  not  reduce  sulphur  sufficiently. 

Analyses. 


Moisture 

Volatile  raatU»r. 

Fixed  carbon 

Ash 

Sulphur 


Washing  test  157. 


Raw 
coal. 


:j.  12 
;c.  91 
49.85 
14.12 

4.74 


Washed 
coal. 


1.71 


9.99 
2.94 


Coking  teat  134. 


Coal. 


Coke, 


a09 
35.32 
51.70 
9.89 
2.95 


as 

.U 
8&68 
13.91 
2.45 


TESTS — TENNESSEE, 

Cupola  ieaiiof  cokt  mmkfrom  Tennessee  I^o.  8  coal  (waxhsd). 
CHARGE. 


351 


Coke.* 

Fluid- 

■tnp 
foU. 

Materials. 

DiyiBioDB  of  ohaxge. 

No. 

Teft 
No. 

^ 

'^^r 

Ratio 
iron  to 
ooke. 

1. 

2. 

3. 

4. 

B. 

Total. 

U4 
US 

134 
134 

1.W 

7 
7 

Per  a. 
93.14 

97.22 

Coke 

Pig  iron 

Scrap; 

Coke 

Pig  iron 

Scrap 

Lbs, 
190 
570 
190 
180 
540 
180 

Lb». 

60 
420 
140 

63 

Lbs. 

60 
420 
140 

63 
428 
143 

Lbs. 

60 
420 
140 

62 
427 
142 

Lbs. 

00 
420 
140 

02 
427 
142 

L5«. 

430 
2,2W 

7fl0. 

430 
2,250 

750 

•  Phosphorus  in  coke,  0.0238  per  cent. 


RECORD  OF  MELT. 


lit— 

Wdghtoflion. 

Ifalt&lg. 

Recovtticd. 

No. 

Onat^ 

MMTt> 

Pour- 
ed. 

Addi- 
tional 
m«lt^ 
«d. 

"Totnl. 

Timo, 

Rato 

por 

hour. 

Ratio 

Iron 

to 

ooiks&. 

iMi^. 

Iron. 

Coke. 

114 

13fi 

11.05  a.  m... 

0£. 
t 

7 

7 
7 

lbs. 
1,M7 

Lbs. 
21? 

ii(m 

Min. 
27 

Lb*. 
5,950 

6.92 
0.50 

Per  Ft. 

ass 

Lbi, 

Ad*. 
HA 

38 

LADLE  RECORD. 


Ladle 
No. 

Test  114. 

Test  136. 

Ladle 

No. 

Test  114. 

Test  136. 

Pounds. 

Time 
(a.m.). 

Pounds. 

Time 
(a.m.). 

Pounds. 

Time 
(a.  m.). 

Pounds. 

Time 
(a.m.). 

I 

2 

3,... 

4.....!"! 
«..  . 

7..:::::: 

61 
92 
106 
64 
74 
98 
87 
78 
61 
83 
101 
109 

1L18 
n.24 
U.24i 
1L25 
11.27 
1L27J 
U.28 
11.28i 
11.30 

ii.aoi 

11.31 
11.31) 
11.33 
n.33i 

30 
72 
102 
75 
87 
87 
84 
78 
21 
89 
80 
85 
65 
69 

9.66 
9.68 
10.00 
10.01 
10.04 
10.041 
10.06J 
10.07 
10. 07i 
10  09 
10.  UJ 
10. 12 
10. 124 
10. 13i 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

95 
64 
78 

103 
96 
77 
92 
74 
83 

104 
57 
67 

104 

11.34 

11.34i 

11.36 

n.36i 

n.37 

11.37* 

11.38i 

11.39 

11. 39) 

11.40 

11.46) 

11.47 

11.48 

73 
74 
82 

107 
76 

111 

10.14 

10.15 

10.17 

10.17J 

10.18 

10.21 

8 

» 

lo. 

[1 

^, 

[3 104 

1 

14 

90 

Remarks. — ^Test  114:   Iron  very  hot. 
We  cut  out  and  iron  run  over  trough. 


Test  135:   Iron  hot.     Blast  off  1  minute;  top 


te:nis:e8see  ko.  9. 

Bituminous  coal  from  Coalmont,  Grundy  County,  on  the  Nashville, 
Chattanooga  and  St.  Louis  Railway,  was  designated  Tennessee  No.  9. 
The  coal,  as  worked  from  the  outcrop  at  this  place,  averages  3  feet  4 
inches  in  thickness. 

One  car  of  coal  was  shipped  from  this  mine  under  the  supervision 
of  John  W.  Groves.  Twenty  tons  of  lump,  over  a  J-inch.  ac.te)e^, 
designated  A,  was  used  in  making  steaming  testa  363,  364,  aivii  ^^^» 
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Ten  tons  of  slack,  designated  B,  was  used  in  making  washin^test  158; 
and  this  coal,  washed,  in  addition  to  14  tons  of  slack,  designated  C, 
as  shipped,  was  used  in  making  steaming  test  (on  briquets)  393;  also 
in  coking  test  124,  cupola  tests  110  and  136,  and  briquetting  test  122. 
Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2995 
was  taken  1,900  feet  north  of  the  drift  mouth,  where  the  coal  measured 
3  feet  in  thickness.  Sample  2996  was  taken  2,000  feet  south  of  the 
drift  mouth,  where  the  coal  measured  3  feet  6  inches  in  thickness. 

CHEMICAL  ASALTSES. 
Tennessee  No.  9. 


Car  samples. 

Steaming  Cesta.* 

Mine  samples. 

A. 

BandC 

A. 

B. 

c. 

363. 

364. 

366. 

m. 

Laboratory  No 

2995 
2.30 

3.44 
29.24 
58.11 

9.21 
.73 

2996 
2.40 

3.77 
28.fi0 
59.46 

8.17 
.(W 

3113 
2.60 

3.92 
27.23 
54.76 
14.09 
.94 

4.81 

09.97 

1.29 

8.90 

3114 
4.70 

5.68 

25.36 

50.41 

18.55 

.74 

6.02 

64.58 

1.20 

9.91 

3115 
3.30 

4.68 
28.76 
67.31 

9.26 
.65 

6.04 

73.85 

1.24 

9.96 

Air-drying  loss 

Proximate: 

Moisture 

4.46 
27.36 
55.70 

'fl 

4.63 
74.13 

1.37 

6.75 
13.06 

1.06 

3.48 
27.86 
66.34 
12.32 
.79 

4.66 
74. 6B 
1.38 
6.76 
12.76 
.83 

3.60 

28.40 

63.26 

14.74 

.78 

4.62 
72. 4S 
1.34 
5.61 
16.29 
.81 

IM 

Volatile  matter 

29.80 

Fixed  carbon 

Ash 

56.19 
9.V 

Sulphur 

.n 

Ultimate: 

Hydrogen 

i« 

Carbon 

7701 

Nitrogen                          ! 

1.4 

Oxvffen !  . 

lu 

ASir^;::::::::::::::::i:::::::: 

Ian 

Sulphur 

.8 

Calorific  value  (as  received) : 

Determined.. {^^jj;"'^'^;; 

Calculated 

from    u  1 1  i-  calories . . 

7.344 
13,219 

6.949 
12.508 

G.9.-.0 
12.r,l() 

6,378 
11,480 

fi.537 
11.767 

7.313 
13,163 

7.288 
13.118 

mate   anal-  B.  t.  ii . 

' 

' 

ysis.. 

1 

o  I'roxiiiiute  ami  lysis  of  fuel  a.s  flre<l;  iillimato  aimlyslH  of  <lry  fuel  figured  from  car  sample. 

STEAMING  TESTS. 

Tcnnt'sseo  No.  9. 


Size  as  shipped 

Size  as  u.sed: 

Over  1  Inch p^Tcent. . 

}  inch  to  1  inch do 

}  inch  to  i  inch do. . . . 

Under  \  inch do 

Duration  of  test hours. . 

Heating  value  of  fuel B.  t.  u.  jxt  pound  dry  coal . . 

Force  of  draft : 

Under  stack  damper inch  water. . 

Al)Ove  fire do 

Furnace  tempjirutun* °F.. 

Dry  fuel  used  per  square  foot  of  grate  surfai'e  pt»r  hour, 

pounds 

Equivalent  water  ovaporate<l  per  square  foot  of  wateT-hcating 

surface  per  hour pounds. . 

Percentage  of  rated  horsepower  of  l>oiler  developed 

Water  apparently  evaporated  per  pound  of  fuel  as  fired, 

W pounds 
ater  evaporated  from  and  at  212°  F. :  i 

Per  pound  of  fuel  aa  fired pounds. . 

Per  pound  of  dry  fuel do 

Per  pound  of  combustible do 


A. 

BMndC   1 

Test  303. 

Test  364. 

Test  365. 

Test  388. 

2-in.  1. 

t-in.l. 

^4n.l. 

12.6 
24.5 
24.5 
38.4 
10.0 
l.%257 

13.8 
22.4 
23.8 
40.0 
9.95 
13,333 

7.1 
17.3 
22.8 
52.8 
9.98 
12,938 

Seep.2rr4 

iai3 

13.613 

0.fi5 

.15 

2, 2ta 

0.70 

.19 

2.296 

an 

.24 
2,284 

aGS 

.2S 
2.27S 

19.  W 

21.90 

21.01 

21.60 

3.51 
IW.  5 

3.81 
106.9 

3.52 
98.8 

407 
114.0 

7.21 

7.20 

6.92 

7.n 

8..W 
H.89 
10.47 

a4i 

8.71 

iai6 

a  10 
a40 

laio 

ft03 
9l43 

ia«a 

TEST& — TEN  N  ESSEE. 


2SS 


BT£AJIIFG  TEBTB — Couilntied. 
Tennessee  Nn.  9, 


T»t3e4  Tt^ises. 


B«jii)€. 


Tertsm. 


encT  of  boHcx,  Uidudlng  gtiito ....._ „  „ .  ,per  cent 

it  Indlcmted  horsepowpf  hour*  ,.,„..,. , pounds, 

iBfffte^rtcaJ  horwcKiinvr  hour ,...,.. ..... .d«. . 

'cr  ln(llcat:e*d  horHpnwi^r  hour .^ . .  .^ -do. .. 

*er  deotricaJ  hortopowcr  Isour do,. 


ftl7« 


4.11 


3.  IS 


63.09 


3. 25  I 
4.01 


lUTO 


3.4D 
4.31 


3v3T 
4.16 


e«LM} 


3.13 
3.OT 


3.00 
3L70 


wiartj.— Teat  393  yn  briquela,  which  were  very  fimi  and  burned  freely,  with 
flame  and  withoul  amokts    They  swelled  in  the  fire?  and  then  fell  to  pieces, 
rly  ail  of  the  Uriqueti*  were  (irtM:i  whole,     Clijjker  solid,  heav^-^  aad  brittle,  iuid 
light-brown  color. 

WASHING  AND  COKING  TESTS, 

Tenneeaee  No,  9. 

aahing  iui  158  (ami  B^  alack).— J^  uaed,  Stewart.  Raw  cual,  19,385  pounds; 
led  coal»  14,420  pounda;  refuse,  4,965  prmnda. 

iking  Ust  ti4  {^ouU  B  and  C,  slack). — Si^e  as  used:  Finely  crushed,  Duiation 
St,  49  houjns.  Coat  charged ^  12,000  pounds.  Coke  pttxluced,  7,948  pjunds;  66,23 
pent.  Breeze  produced,  283  pounds;  2,36  per  cent.  Total  yield,  68,59  per  cent, 
xi  gmy  with  mme  little  deposit  of  carbon.    Good  coke. 

Analyses. 


Washing  test  158. 

Coking  test  124. 

Raw 
coal. 

Washed 
coal. 

Coal. 

Coke. 

ture 

5.68 

25.36 

50.41 

1&55 

.74 

4.02 
27  79 
58.28 

9.91 
.85 

4.02 
27.79 
58.28 

a  91 

.85 

0.30 

tile  nuitter 

.30 

1  carbon 

85.78 

13.44 

lur 

.61 

Cupola  tests  of  coke  made  from  Tennessee  Nos.  9  B  and  9  C  coal  (washed). 

CHARGE. 


10 

i 
»  I 


Coke.a 


Teat 
No. 


124 


124 


Speciflc 
grav- 
ity. 


1.93 


1.93 


Ratio 
iron  to 
coke. 


Fluid- 
ity 
strip 
full. 


Perct. 


Divisions  of  charge. 

Materials. 

1. 

2. 

3. 

4. 

5. 

Total. 

fCoke 

Pig  iron 

Scrap 

Coke 

Pig  iron 

Scrap 

Lbs. 
190 
570 
190 
200 
600 
200 

Lbs. 
60 
420 
140 
58 
413 
138 

Lbs. 

60 
420 
140 

58 
413 
138 

Lbs. 
60 
420 
140 
57 
412 
137 

Lbs. 

60 
420 
140 

57 
412 
137 

Lbs. 

430 
2,250 

750 

430 
2,250 

750 

«  Sulphur  in  ash,  0.04  per  cent.     Phosphorus  in  coke,  0.0968  per  cent. 
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Cupola  tests  of  cohe  made  from  Tennessee  Nos,  9  B  and  9  C  coal  {washed) — Continued. 

RECORD  OF  MELT. 


Cupola 
test 
No. 

Blast  pressure. 

Iron 
run- 
ning 
in— 



Min. 
6 
7 

Weight  of  iron. 

Melting. 

ReOOVNM* 

Onat— 

Max- 

imimi. 

Poured. 

Addi- 
tional 
melted. 

Total. 

Time. 

Rate 
hour. 

Ratio 

Ironto  Low. 
coke. 

Iron. 

ColK. 

110 
136 

3.27  p.m.... 
3.41  p.  m 

Oz. 

7 

Lbs. 
1,950 
2,106 

Lbs. 
110 
250 

Lbs. 
2,060 
2,356 

Min. 
34 
26 

Lbs. 
8,636 
6,437 

6.28 
6.83 

Perct. 
6.83 
LIS 

Lbs, 
735 
016 

Lbt. 
KB 

85 

LADLE  RECORD. 


Test  110. 

Test  136. 

Ladle  No. 

Test  110. 

Test  136. 

Ladle  No. 

Pounds. 

46 
86 

103 
24 
95 

100 

101 
94 

103 
55 
96 

Time 
(p.m.). 

Pounds. 

Time 
(p.m.). 

Pounds. 

Time 
(p.  m.). 

Poanda. 

Time 
(p.m.). 

1 

3.37  i             06 

3.57 
3. 57  J 

ass 
ase 

4.00 

4.00} 

4.01 

4.  OH 

4.03 

4.03i 

4.04 

4.06 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

97 
87 
100 
105 
88 
08 
93 
86 
91 
98 

3.54 

3. 57  J 

3.58 

3.50 

401 

4.02 

tst 

4.06 
407 

107 
88 
84 

100 
93 
84 
91 

109 
92 

108 
57 
65 

406) 

2..   . 

3.42 

3.42i 

3.43 

3.45i 

3.46 

3.47 

3.49 

3.49J 

3.50 

3.53 

110 
43 
77 
103 
111 
30 
88 
101 
104 

79 

407 

3 

407) 

4 

409 

5 

400) 

6 

410 

7 

410) 

8 

411 

9 

411) 

10 

11 

413 
414 

12 

104 

3. 53)              9.1 

24 

414 

Kertiarks. — Test  110:  Iron  verv  hot  and  fluid. 


BRIQUETTINO  TEST. 


Tennoseeo  Nos.  9  B  and  9  C  (washed  slack). 

Test  122. — Size  aw  iisod:  Over  }  inch,  1.2  per  cent;  ^^^  inch  to  \  inch,  5.5  per  cent; 
.}(,  inch  to  ,V,  inch,  ]2.5  per  cent;  ^V.  ^"^'^  to  tj'^j  inch,  23.8  per  cent;  through  ^^  inch. 
57  j)cr  cent.  Machine  used,  English.  Temperature  of  briquets,  179.6°  F.  Kind  of 
])indcr.  water-ga.'^  pitch;  laboratory  No.  3410  (see  p.  40).  Weight  of  fuel  briquetted. 
14,4(K)  pounds;  average  weight  of  briquets,  3,24  pounds.  B.  t.  u.  per  pound  of  coal  a* 
received,  13,163;  per  pound  of  briquets  ^»  fired,  13,047;  per  pound  of  binder,  16,478. 
For  analyses  of  briquets  see  page  252  (steaming  test  393). 

With  5.4  and  5.0  y^vt  cent  binder,  brifjuets  were  fairly  good,  but  somewhat  crumbly 
at.  edges.  With  0.0,  7,  and  S  per  cent  binder,  outer  surfaces  were  very  firm  and  smooth, 
fracture  coarse,  but  not  crumbly;  l)roken  surfaces  very  hard.  In  drop  test,  with  7  per 
cent  binder,  the  1-inch  scn»en  held  85.0  per  cent  and  jjaased  14.4  per  cent.  Weathering 
test:  All  binders  exposed  222  days;  condition,  B.  Not  enough  coal  was  furnished  to 
make  briquet^s  on  Kenfrow  machine  for  comparative  testw. 

Extniction  analyses. 


Pitch. 


Laboratory  No 

Air-(lryinp  loss Ixt  cont. .  . 

Extracted  by  CSj:  I 

Alr-driod do....'. 

As  roopivo<l <!'>  — 

Pitch  in  briqupts  us  nveived do 


3410 


Fuel. 


iBriquet*. 
I  test  122. 


333S 
4  7 


.2 
.19 


2.5 


5.45    \ 

5.31     I 
^41 


TESTS— TEN  N  ESSEE. 
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TENNESSEE  NO.  10. 

incus  coal  from  a  mine  located  1  mile  north  of  Orme,  Marion 
on  the  Nashville,  Chattanooga  and  St.  Louis  Railway,  was 
ed  Tennessee  No.  10.  This  coal,  as  worked  from  the  outcrop 
laca,  averages  5  feet  8  inches  in  thickness* 
ample,  consisting  of  slack  coal  shipped  under  the  supervision 
Von  Borries,  was  used  in  making  steaming  tests  (on  briquets) 
408,  washing  test  173,  coking  test  156,  cupola  testa  111  and 
briquetting  test  128. 

[nine  samples  were  taken  for  chemical  analysis.  Sample 
s  taken  2,200  feet  northeast  of  the  opening,  where  the  coal 
d  5  feet  8  inches  in  thickness*  Sample  3010  was  taken  2,500 
bwest  of  the  opening,  where  the  coal  measured  5  feet  8  inches 
less. 

CHEMICAL  ANALTSSS. 

Tenntsaee  No,  10, 


8tMI&ll«tAH3l.« 

«T, 

40&. 

Nn , ,.,., „.. 

worn 

2.fff 

$M 
31.71 

13.11 

Lao 

3010 
2.00 

3,S7 

53.13 
ILl^ 

l^^                •<          t         «><>***L*^*>.4ii,>*         **•*                     .         t 

2.« 

Ei.m 

14^85 
1.03 

7LS3 
1.30 
a.  43 

IS.  22 
LOS 

2.88 

niftttor ,  ,„,„„.. 

aO  84 

riKm 



49.55 

16.73 

,g6 

n ^,,, ,,,, _._. 

4.5fl 

m.S2 

J                    .      ^  ■,    i  i ,     i      i 

■  QQ 

B,4S 

17.23 

'W 

roolorfea.. 

6,771 
13,193 

" 

Kimate  analysis  of  fuel  as  flrod;  ultimato  analysis  of  dry  fuel  figured  from  car  sample. 

STEAMING  TESTS. 

Tennessee  No.  10  (washed  briquets). 


test hours. 

16  of  fuel B.  t.  M.  por  pound  dry  fuel. 

ft: 

;ack  damper inch  water. 

re do... 

iperature "F. 

a  per  square  foot  of  gnito  surface  por  hour pounds. 

water   evaporated   per  square   foot  of  water-heating  surface  per 

pounds, 


ii  rated  horsepower  of  I  •oiler  developed 

rently  evaporated  per  pound  of  fuel  as  fired pounds. 

>rated  from  and  at  212*  F".: 

id  of  fuel  as  fired do... 

id  of  dry  fuel do... 

id  of  combustible do. . . 

boiler,  including  grate per  cent. 

»kted  horsepower  hour pounds. 

rlcal  horsepower  hour do. . . 

»ted  horsepower  hour do — 

ricaliiorsepower  hour do — 

is  not  representative  of  test.     In  one-third  of  the  observations  the  teinpeTflkX\w«s  "««l%  Xoo 
id  by  Wanner  optical  pyrometer. 


Test  407. 

Test  408. 

4.72 
12,667 

3.87 
12,272 

0.68 

.18 

01,184 

18.05 

0.68 

.15 

2.226 

19.28 

2.80 
78.6 
6.53 

3.32 
03.1 

7.21 

7.58 
7.77 
9.42 
59.24 

8.38 
8.63 
10.83 
67.91 

3.73 
4.61 

3.37 
4.17 

3.64 
•i          '-'' 

3.28 
4.05 
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Remarks, — ^Teets  made  on  English  briquets,  which  were  broken  in  two  befcne  firing. 
They  cracked  open  to  a  depth  of  1)  inches,  but  coked  and  kept  their  shape  untfl 
entirely  consumed.    No  smoke.    A^  and  clinker  were  brown. 

WASHHTG  AND  COKING  TESTS. 

Tennessee  No.  10  (1-inch  slack). 

Washing  test  17^.— Jig  used,  Stewart.  Raw  coal,  60,500  pounds;  washed  coal,  47,400 
pounds;  refuse,  13,100  pounds. 

Coking  test  156.— -Size  as  used:  Washed,  finely  crushed.  Duration  oi-test,  53  hours. 
Coal  charged,  11,690  pounds.  Coke  produced,  6,900  pounds;  59.02  per  cent.  Breeze 
produced,  757  pounds;  6.48  per  cent.  Total  yield,  65.50  per  cent.  Poor  coke;  soft 
and  dense;  heavy  black  butt;  practically  no  cell  structure;  high  ash. 

Analyses. 


Washing  twt  173. 

Raw      Washed 
ooaL         coaL 

Coki]«  test  156. 
OoaL    j    Coks. 

Moistare 

2.92 

7.02 

7.80 
28.29 
40132 
13LS0 

1.06 

107 

VnlAtifA  matter 

.fl 

Fixed  Cftrbon 

77.8 

Ash 

22.74 
.96 

3.76 
.98 

M 

Sulphur 

.« 

Cupola  tests  of  coke  made  from  Tennessee  No.  10  coal  {washed). 
CHARGE. 


Cupo- 
la test 
No. 


Coke-d 


Divisions  of  chai^ge. 


Test   !  Specific    sS^^l^ 
No.    jgr^ity.    ^^to 


Ratio  '        Materials. 

Imn  tn 


Lbs. 

[Coke 

....;        230 

111 

VA 

1.90 

7  ih'igiron 

(Scrrap 

«90 

...|        230 

127 

150  1 

1.90    .. 

1 

Coke 

1 

250 

I 


I 


ToUl 


2.            3. 

4. 

5. 

Lbs.    ;    Lbs. 
.W  1         50 
390  1        390 
130          130 

Lbs. 
50 
390 
130 

Lbs.       U>*' 

390       2.^ 
130  ,        "^ 

' 

1 1^ 

a  Phosphorus  in  coke,  0.0390  per  cent. 

Remarks. — Test  111:  Blast  on  from  10.51  a.  m.  for  30  minutes,  at  maximum  prefl?ur* 
of  7  ounces;  no  iron  melted.  Test  127:  Coke  bed  put  in  and  blast  put  on  for-''' 
minutes;  coke  would  not  ignite;  bottom  dropped  without  charging  iron. 

BRiaUETTING  TEST. 

Tennessee  No.  ]0  (1-inch  slack,  >*-ashed). 

Test  128. — Kind  of  binder,  water-gas  pitch;  lalK)ratory  No.  :M10  (see  p.  40).  ^VeigW 
of  fuel  briquetted,  35,400  pounds.  \\.  t.  u.  per  pound  of  coal  from  car  sample,  11.596' 
per  pound  of  briquets  as  fired,  11,920;  per  pound  of  binder,  16,478.  The  briquets 
made  with  the  three  percentages  of  pitch  (5.5,  6.5,  and  6.7)  were  all  good.  ' 

English  briquets  made  at  175°  F.,  average  weight  3.63  pounds,  with  5.5  per  cent 
binder,  could  be  roughened  slightly  by  nibbing;  outer  surfaces  crumbled  slightly 
when  broken.  Briquets  with  6  and  6.5  per  cent  binder  could  be  roughened  slightly 
by  rubbing;  outer  surfaces  hard  and  smooth;  broken  surfaces  very  hard  and  rough. 
In  the  drop  test  of  English  briquets  with  5.5  per  cent  binder  the  1-inch  screen  held 
81.7  per  cent  and  passed  18.3  per  cent;  with  6  per  cent  binder  the  screen  held  90.1 


TESTS TEN  N  E8&KK, 


2B7 


pr  r«nt  and  paeeed  ^-^  per  cetit;  witii  6.6  per  cent  bintler  the  icreen  held  80,1  per 
iilli  autl  piisaed  10.9  per  cent.  In  the  weiithering  test  all  l>riquetfl  wore  ejtpijwed 
JK  days^  o^"jndititni   B.     For  annlyaesof  briquets  see  p  ge  255  (steaming  lost^  407 

land  408). 

Renfnjw  briquel^i  tiifide  at  llSP  F.,  averuge  weight  0.53  pound,  with  li  per  cent 
linder.  aliowe*!  rnimbly,  fractured  suHaces-  With  *5.5  per  cent  binder  briquet**  were 
Dttgheriintl  did  not  lireak  as  easily,  and  broken  surfaces  were  timv.  but  atjU  appeared 
Iwort  cm  piteh.     In  the  'sveatbering  teat  briqitcsts  with  both  l>inders  were  exposed  204 

fyn;  condition  B. 


LAhTiTAtOTJ  NO,^^.,  ,, -.,,,...--,_ .,„ ^,,, ,,,,,.. 

Mr-'lry[n£  low.. .-. ..*......-.-.... *,...*, pproint. 

Alr-drira ..... » .u.l,*.^.,,,..^.,.,_.,...,4o.^.. 

Witiib  iQ  bTiqiietaad  ne^wl >.,. ..,..„.. ....do... 


HttiL 


3410 


79A 


FUM. 


5.2Q 


1.3I> 

L32 


teal  12i. 


Ltrr 

7.10 


tekkp:shp:i:  no.  ii. 


Bituminoud  coal  froni  Ozone,  Cumberland  C^imty,  on  the  Ten- 
nessee Central  Riiilway  was  designated  Tennessee  No.  11. 

This  sample  consisted  of  slack  coal  through  1  |-mch  bar  screen. 
It  was  shipped  without  inspection,  as  additional  samples  of  the  runf- 
of-mine  co&l  are  to  be  obtained  later  when  an  inspector  mil  be  sent 
to  the  mine  and  mine  samples  taken.  The  folkm-ing  tests  were  made 
OH  thia  coal:  Washing  test  178,  coking  test  160  (washed  coal),  and 
cupola  test^  144  and  179, 


I 


CHEMICAL  ANALYSES. 


^boratoiyNo 

Air-drying  loM 

*^foxiinate: 

Moisture 

Volatile  matter 
Fixed  carbon . . . 

Ash 

Sulphur 


Car 
sample. 

3471 
2.30 

3.  M 
20.75 

47.85 

27.  87 

.90 


Car 
sample. 


Ultiraaie: 

II  ydrogen 

Carbon 

Nitrogen 

Oxygen 

Calorific  value  (as  nxjcived): 

Determined {b^V^u.'. 

Calculated  from  ultimate  (calories, 
analysis \B.  t.  u.. 


4.13 

59.07 

1.10 

(183 

5.702 
10.264 

6,931 
10,676 


WASHING  AND  COKING  TESTS. 

Tennessee  No.  11  (ylack). 

Washing  test  i75.— Jig  used,  Stewart.  Raw  coal.  42.000  pounds;  washeil  coal,  27,500 
pounds;  refuse,  14,500  pounds. 

Coking  test  160. — Size  as  used:  Washe<l,  linely  crushed.  Duration  of  test.  40  hours; 
coal  charged,  11,890  pounds;  coke  produced,  7,650  pounds;  64.34  per  cent.     Breeze 
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produced,  550  pounds;  4.63   per  cent.    Total    yield  68.97  per  cent.     Poor,  dense 
coke;  ash  very  high. 

Analyses. 


Washing  test  178. 

Raw 
coal. 

3.53 
30.75 
47.85 
27.87 
.90 

Washed 
coal. 

Moisture 

5.60 

Volatile  matter     .     .          

Fixed  carbon 

Ash • 

13.47 

Sulphur ..». 

.02 

Coal. 


Cokf. 


5.29 

L14 

23.61 

I.© 

56.58 

80.14 

14.52 

17.  li 

.86 

.0 

Cupola  tests  of  coke  made  from  Tennessee  No.  11  coal  (washed). 
CHARGE. 


Cupola 
test 
No. 


.    _ .  Fluid- 

T^.,*     Spi«ciflc'  Ratio      ^j^L 


ity.     i   coke. 


Per  it. 


Materials. 


144 
179 


1(K) 

im  , 


.97  I 


/Coke 

iPlgiron.. 

Coke 

Pig  iron.. 

Scrap 


Divisions  of  chaxige. 


I 

2. 

3. 

4. 

.b8. 

Lbs. 

Lbs. 

Lbs. 

240 

48 

48 

47 

9m  ' 

510 

510 

510 

220  j 

53 

53 

52 

660 

396 

388 

397 

220 

133 

133 

132 

ToUL 


Lbs.  Lbt. 

47  40 

510  3.M 

52  i  m 

397!  2,» 

132  7» 


I      Blast  pressure 

Cupola 

test 

No.  On  at 


Maxi- 


Iron 
rim- 
ning 


RECORD  OF  MELT. 


Weight  of  iron. 


Melting. 


Rocoverrd. 


I  Addi- 


Rate  I  Ratio 


TTi.itTi       in         Poure<l.   tional  j  Total.  Time.  I    per     iron  to  Loss.    Iron.  Cokf. 
mum.      m-  mclted.l  hour.  ;  cr>ke.  i 


J- 


Oz.       Afin. 


144      10.50  a.  III. 
170      n.JHa.ni. 


J.a«II.-  Nn 


Lbs. 
■    ■424" 


Lbs.       Lb.'s:      Min.      Lb.s,  \prT  ct.    Lhn.     X**- 

'"'mY  "   Ya\ 26'  "2.'223'  "2.5.S'  '"2.'l)3"2,iK9       i*^ 


I.ADLK   KKCORI). 
To.st  17"». 
rounds 


Time 
(ij.iu.).     '1 


Ladle  No. 


Tost  179. 


Pounds. 


Tinv 
(,a.  m.)- 


S4 
41 


11.. vj  1  :,. 
ll..-.«.     ).. 


92  i         11.5: 
.SS  12. « 

77  \1M 


Ranarka.     T(\m1    114.     lila.vt  011  '.VI  minutes;  no  iron  nioltofl;  all  pig  iron  used  lo 
(lotonniiH»  cl'fect  of  sulpliur.     Test  17!):  Iron  cold  and  Hlugginh. 


TEXAS. 
TEXAS  XO.  3. 

Lignite  from  Olscn,  Milan  County,  on  the  International  and  Great 
Nortliern  Railroad,  was  designated  Texas  No.  3.  The  lignite,  as 
worked  at  a  deptli  of  63  feet  at  this  place,  averages  6  feet  6  inches  in 
thickness. 


TESTS— TEXAS. 


i  ThiB  sample  was  shippeil  imder  the  supervision  ot  W.  J,  Vim  Bor- 
Ses,  It  consisted  of  lump  lignite  orer  a  f-iiioh  screen  and  was  used 
in  making  producer-gas  test  93, 

Tw*^  uiine  samples  were  taken  for  chemical  analysis.  Sample 
1562  was  taken  400  feet  east  of  the  shaft  where  the  coal  measuretl  6 
hl&i  5  inches  in  thickness.  Sample  2563  was  taken  r>00  feet  east  of 
lie  Bhaf tj  where  the  coal  measured  6  feet  7  inches  in  thickness. 


i 

CHEJUGAL  AKALYaSS. 
Texiut  No.  3. 

1- 

Mlitei  umpire. 

■dm- 

Mtni^  Aunploi. 

Cax 

mm 

3101 
S7.ftS 

mm 
e.04 

.75 

33.50 

at.oa 

27.07 
33.39 

J. Si 

ft.  IS 

Nitrogen***  ^^^  ^  ^  ^ 

a  90 

Ifoirtuf^'^. .,., 

V  oUtUfr  mister, ,  ^  ^, 
Fix«»d  carl^iO(n. *.,..,, 

(       Aah., ...,.,. 

.     Sulpbur .,... 

!  CftlorS?^^»©' 
TOAte    jm- 

B.  1,  ».. 

3U.U0 

i.373 

T*a7« 

Tlydringifiifi. ...  ,j , ,«,, 

B,  t.  u.- 

•r- 

7,165 

'       r^rbofi..... ,,., 

FItOBUCEE-QAS  TEST. 


Texa^  No,  3  (Itunp)^ 


3Vjf  !?J,— Size  ^  iiB©fl:  Over  1  inch,  f*i  per  cent;  \  incli  to  1  inch,  IS  per  ti^nt;  i 
uidi  Uj  J  inch,  8  p«r  rent;  under  \  inch,  L?  jjer  cent,  Diiiaticm  of  teetj  50  h<>un9. 
Avemge  electric^al  hoTsiepower,  200,1.  Avemge  B.  t.  u.  per  cubic  fcK>t  of  gaa,  171  ft, 
Tula!  cfjckl  iinHl,  25,500  pnunUf". 


Cooi  consumed  in  producer  per  horsepower  hour  (pounds). 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboani 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


Equivalent  used  by  produnr  />lnns  (itoundft). 


Per  electrical  horsepower: 

Commercially  available 

DevelopM  at  switchlwani . 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


Coal  as 
fired. 


2.70 
2..V> 


2.29 
2.17 


2.90  1 
2. 75 


2.47  1 

2.;«  ! 


Dry  coal. 


1.83 
1.73 


1.55 
1.47 


1.97 
1.86 


1.07 
1.58 


Combos- 
tible. 


.59 
.50 


1.35 
1.28 


1.71 
l.fi2 


1.46 
1.38 


Afuihjses. 


Coal. 


IfoUrtare 

Volatile  matter. 
Fixed  carbon... 

Ash 

Bolpliar 


32.  20 
M).  1 1 

2S.  82 
M.87 
O.H.S 


Oas  by  volume. 

Carbon  dioxide  (Cd) 10. 3 

Carbon  monoxide  (CO) 19.8 

Hydrogen  ( IIi) 14. 8 

Methane  (CH«) • : . .     2. 4 

Nitrogen  (N,) 51.3 

Oxygen  (Ot) 1 

Ethylene  (CtH*)  ."i 


260 


REPORT   U.  S.  FUEL-TESTING   PLANT,  19(»-7. 


TEXAS  NO.   4. 

Lignite  from  lloyt,  Wood  County,  on  the  Missouri,  Kansas  and 
Texas  Railway  was  designated  Texas  No.  4.  The  coal,  as  worked  at 
a  depth  of  45  feet  at  this  place,  averages  7  feet  in  thickness. 

This  sample  was  shipped  under  the  supervision  of  W.  J.  Von  Borries. 
It  consisted  of  nm-of-mine  coal  and  was  used  in  making  steaming 
tests  291, 298,  and  303 ;  producer-gas  te«t  92,  and  briquetting  test  112. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2635 
was  taken  1,100  feet  southeast  of  the  slope,  where  the  coal  measured 
6  feet  6  inches  in  thickness.  Sample  2636  was  taken  400  feet  north 
of  the  slope,  where  the  coal  measured  8  feet  in  thickness. 

CHEiaCAL  ANALYSES. 
Texas  No.  4. 


Laboratory  No 

Air-drying  loss 

ProxiraaU': 

Moisture 

Volatile  matter 

Fixed  carbon 

Ash 

Sulphur 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

Oxygen 

Ash 

Sulphur 

Calorific  valuo  (as  nnfivod ) : 

Defmiined {\^t"u'' 

Cal(ulat»'d  from  ultimat<'  fcalorioM. 
analysis \B.  t.  u. . 


Mine  samples. 


2635 
29.90 

36.  HO 
28.86 
28.09 
6.25 
.53 


2636 
28.40 

34.87 

29.80 

27.69 

7.64 

.50 


Car 
sample. 


2717 
26.70 

33. '85 

27.50 

31.35 

7.30 

.61 

6.68 

43.12 

.71 

41.68 


Steaming  tc«ta.« 


291. 


206. 


303. 


36.27 
30.58 
25.14 
8.01 
.51 


36.30 
30.61 
24.90 
8.19 
.50 


4.33 

4.32 

64.02 

63.83 

1.05 

1.05 

17.23 

17.15 

12.57 

12.86 

.80 

.79 

33.ti 

37.l« 
18.17 

ia« 
.« 

4.11 
63.3 

1.06 

17.  H 

12.95 

.83 


7,101 


l.lft.')  ' 
7,497 
4.002  1 
7,201  I 


«  rroxiniat<>  analysis  of  fuel  as  fin'<l:  ultima  t<'  analysis  of  dry  fuel  figurwi  from  car  sample. 

STEAMING  TESTS. 

T<'x;is  No.   1  (fuii  of  iniiic). 


■I>' 


. .  I^.  t.  u.  pi'f  pound  dry  coal 


Si/«'.  as  usrd: 

Over  1  inch 

\  inch  to  1  inch 

I  inch  to  \  uuU 

rndcr  l  inch 

Duration  of  test 

Kind  of  grate 

Heating  value  of  c(»al 

Force  of  draft: 

Under  stack  damp<'r inch  water. 

.Vhove  fire do. 

In  ash  pit do 

Funiaci'  temiwrature =  F. . 

T)r>'COHl  used  iM»rs(|Uan»foot  of  grat'-.surfaci'  per  hour poun<is. . 

Krpiivalent  water  evaporatcil  jwr  s(|Uan'  foot  of  water-heating  .surface 

jHT  hour pounds. . 

Pen'entage  of  rat4'<l  horsepower  of  boiler  devclo|H'd 

Water  appun.'ntly  evaiK)rat4Hl  jwr  poumi  of  coal  as  fire<l pounds. . 


■A.IH 
K«i.  1 
;<.68 


a  Too  short  for  n^liable  n'sults. 


b  Forced  draft. 


TESTS — TEXAS. 

BTEAMDTG^  TESTS — Couiiniied. 
Tejtaa  Nq.  4  ^riui  of  mine). 


£61 


Test  281. 


T«fia(w, 


TevtaOS* 


Kipd  »t  113^  F.: 
fired ......*.„,. do»,. 
!.,..„,.. , ...,„._,.. -do.„ 

bfUftlbln ......._. ..., ...... da.-. 

ii?hidliiggi»t#.  _._... ,.,...-_ .,,„.par(Si©t. 

grower  hour.., --_.... ,-*-,....,» ..pounds. 

Pilmer  tour do. . . 

Bppowpr  hour...,,,.,.-.^.... ,_...,,,.,^ditt." 

lepowe'r  hour. , ,  ,^.i,,,.,,>, *,...,,. ^.*...^,**»d{>^  .- 


4. 40 

A.  00 
8.06 

T.5H 


175 

fiLt« 
T,S4 


4.eo 

49.00 
0.23 


FBODUGEB-GAS  TEST. 
Texas  No*  4  (nin  of  min^). 


5 used:  Oy&f  l  inch,  68  per  cent;  J  inch  to  1  inch,  16  per  cent;  i  indi 
*nt;  under  \  inch^  9  per  cent.  Diiration  of  teet»  50  hoitrs*  Average 
ifer,  193.4;   average  B.  t.  u.  p^r  cubic  ftK»t  oi  gas,  150,1;    total  coal 


Coaiw 
fired. 

3.66 
3.M 

3.36 
X16 

3.  ST 
3.74 

2,4-^ 
3,33 

Dry  coftl. 

Oombt*- 
tible. 

tar 
).4e 

1,43 

1.89 

1.61 
l.U 

LAS 

jcbbos  Jul,..,,  ..KK,,  „.,_„,,,.,„,,.,,.  „.„,,„„,.. 

LfS 

likbli , .„„.,„„.„„„„ 

U^ 

ua. ..,...., 

lent  iised  hy  producer  pkmi  (ptMindM). 

weF: 

ikliJe , ,.„„-,„.,. ...., 

i,eT 

(Chboiird . . , . . .     ...-.^.^. , , 

1.00 

,Uablp„....... 

L« 

lUV , e| 

LIO 

Analyses. 


lal. 


ijlas  hy  rolumr. 


M.QS 
33.15 
'15.  32 
"V.  45 
.49 


Carbon  dioxide  (CO,) 10. 3 

Carbon  monoxide  (CO) 20.0 

Hydrogen  (IIj) 15. 4 

Methane  (CII<) 2.5 

Nitrogen  (Nj) 51. 8 


BRiaUETTING  TEST. 

Texas  No.  4. 

line  iisod,  English.  Temperature  of  briquets,  179.6®  F.  Kind  of 
itch;  laboratory'  No.  2933  (see  p.  40).  Amount  of  binder,  5,  6,  7, 
Veight  of  fuel  briquetted,  4,500  pounds.  B.  t.  u.  per  pound  of  fuel 
);  per  pound  of  binder.  15,937. 

►f  a  brown  color  and  full  of  cracks.  The  different  percentages  of 
itive  effect  on  the  firmness;  all  fell  apart  when  the  pitch  hardened, 
Dry;  did  not  burn  well.  They  did  not  swell  nor  crack,  but  gradually 
le  fire,  burning  slowly  with  characteristic  lignite  sparking.  In  the 
1  briquets  were  exposed  75  days;  condition  D. 
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XJTAH. 
UTAH  NO.  1 . 

Bituminous  coal  from  prospect   on  Huntington   Creek,  Carbon 
Coimty,  was  designated  Utah  No.  1. 

Run-of-mine  coal  was  shipped  with  considerable  difficulty  and 
without  inspection  from  this  prospect  to  the  testing  plant.  If  was 
furnished  principally  for  coking  tests  and  no  mine  samples  were  taken. 
The  coal  was  used  in  making  producer-gas  test  118,  coking  test  130, 
cupola  test  118,  and  briquetting  test  126;  also  mixed  with  Rhode  , 
Island  No.  1  in  steaming  tests  (on  briquets)  414  and  415  (see  p.  223),  | 
coking  tests  141  and  157,  and  briquetting  test  127. 

CHEMICAL  ANALYSES. 

UtaliNo.  1. 


Car 
j   sample. 


Laboratory  No 

Alr-drjring  loss 

Proximate: 

Moisture 

Volatile  matter 

Fixed  carbon . . . 

Ash 

Sulphur 


3199 
3.80 

6.05 
42.02 
47.06 

4.87 


Car 
sample. 


intimate: 

Hydrogen 

Carbon I 

Nitrogen | 

Oxygen 

Caloriflc  value  (as  ret!<»ived): 

Determinwl {b^?"^* 

Caleulhted     from    ulti-  /calories . . 
matounalvsis IB.  t.  u  ... 


5.76 
72.32 

1.38 
15.12 

7,3t>6 
13.1.M 

12.940 


PRODUCER-GAS  TEST. 

Utah  Xo.  1  (nm  of  mino). 

Test  //.v.     Duration  of  tcsl.  5()  hours.     Av<Ta^'<*  ("hMtrical  horsrpowrr.  2(Mi.2.    -Vvcr- 
ag<»  H.  t.  u.  piH  por  cubic  foot,   1 7 1. 4.     Total  coal  lircd.   I  1.25()  pounds. 


Coal  consumrd  in  producer  per  horNrpourr  hour  ( /Kiumts:. 

VoT  cloi'trical  horsepower: 

Commercially  uvaiLihle 

Develop<'(l  at  switchhoartl 

I'er  brake  horsepower: 

Coinnierciiilly  a  vnilablo 

Developed  at  engine 


Coal  a« 
fired.     I 


Drjooal. 


Comlui**' 
li».le. 


1.4() 


1.24 
1.17 


1..% 

i.;«) 


1.17  I 

1.11  : 


I.t34 

Ml 

1.05 


Coal. 


A  naJysfs. 


Oas  by  volume. 


Moisture T).  83  i   Carbon  dioxide  (COj).. . 

Volatile  matter 42.41)      (^irbon  monoxide  (CO) . 

Fixed  carbon 47.  (>5      Ilvdropon  (llj) 

Ash 4.  tUi      Methane  (Cllii 

Sulpluir r)7      Nitrogen  (Hji 

Ethylene  (COi;) 


TESTS — UTAH, 

COEIK&  TXST5. 
Vtah  No,  1  (run  of  mine). 


Coal  ehAtgiwi,.-,*-*— ^-.— <.,,.,.,,..,*.*^,-V.„.-i^-,-^-..,. .., 
|tk*l»  prodiiwrf..... .._-,^,--....,. _-„_.,,...-,. -,.,...{— 

[Bt^^prr^uc^..,., -^--"IPS^: 


n^3 


Te«t13Q.  TMtHl,   Tfwtm. 


11,810 

1,41» 
12.0) 
59.00 


f.o. 
m 

12,000 
Nqum. 


13. €00 
3,504 
2ft,  3a 

20.73 


Rmiwkn. — Tf'St  13(1:  Dull-gray  folor;  v*^rj''  finely  fingtTiMl,  with  prafiu-ally  no  t^H 
itnictujv\  Test  141:  Attempt  waa  miide  to  improve  roki^  fmui  Ut^h  No.  1  by  lower- 
mg  volatile  of  Utali  N^.  1  by  addition  of  one-lhird  Rhod*^  Is^land  No,  1  (graphitic),  but 
l-with  nosufcesa.  Tent  157:  Mixf^d  with  onMotirth  Rho<lf*  Tiliind  No.  1;  coke  very 
[poor:  half  clid  not  at  irk  Utg^thfr;  other  half  very  jx>or  and  finely  fingered,  as  in 
'test  i:^. 


fMoljit  lire 

^oUtUe  nutter. 
tftye<l  ctarban  ... 


Ttatl30, 


Oitttp 


TteilffT. 


Co&l. 


C'oke.  1 

m. 

CoikU 

Z«| 

4  m 

itm 

L^' 

2^*3 

3&a« 

lEI^OO  ' 

67.113 

JkTW 

JS  04 

tt.UT 

awi 

.M 

.15 

,4« 

Cok», 


MOT 


(Stpola  if»t  of  coke  madffrom  Utah  No.  t  roof. 

CHARGE. 


Ck>ke.a 

1 

Cupola 
tost 
No. 

No. 

Speciflc 
gravity. 

Ratio 
iron  to 
coke. 

118 

130 

1.78 

7 

Materials. 


jCoke.... 
-^  Pig  iron 
[Scrap . . . 


Divisions  of  charge. 

' 

Total. 

1. 

2. 

3. 

4. 

5. 

Lbs. 

L6*. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

200 

58 

58 

57 

67 

430 

GOO 

413 

413 

412 

412 

2.260 

200 

138 

138 

137 

137 

750 

a  Phosphorus  in  coko,  0.005  per  cent.  • 

Remarks. — Blast  on  at  10.41  a.  m.  for  20  minutes  at  maximum  pressure  of  7  ounces; 
no  iron  melted;  bed  burned  out. 


BRiaUETTING  TESTS. 

Utah  No.  1  (run  of  mine). 

Test  126, — Size  as  used:  Over  J  inch,  1.4  per  cent;  yV  i"^^  ^  i  inch,  5.6  per  cent; 
5^  inch  to  ^  inch,  14.4  per  cent;  ^V  inch  to  tt^  inch,  25  per  cent;  through  ^V  inch, 
53  per  cent.  This  coal  was  briquetted  with  low  percentages  of  binder,  with  the  idea 
of  utilizing  the  natural  resin  (probably  copalite)  contained  in  the  coal.  With  4  and  5 
per  cent  binder  the  heat  in  the  machine  would  not  melt  the  natural  resin,  and  the 
briquets  were  very  short  on  binder  and  crumbled  badly.  With  6  per  cent  binder  the 
surges  of  whole  briquets  and  of  fracture  crumbled.    The  use  of  a  still  higher  per- 
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cenUge  of  pitch  would  impfove  the  briquets.  Xo  drop  testa  were  made  on  these 
briquetB  and  no  other  reguJar  data  were  obtained,  on  account  of  the  small  amount  of 
the  sample. 

Te^  127  ( with  Rhode  Island  Ao.  / ) . — Size  as  used:  Over  J  inch,  1  per  cent;  j'^  inch  to 
}  inch,  5.8  per  cent;  ^V  ^^^  ^  1*5  indi,  9.4  per  cent;  ^  inch  to  ^  inch,  26.4  per  cent; 
through  ^  inch.  57.4  per  cent.  This  test  was  made  to  prove  the  value  of  briquetting 
a  good  fuel  with  one  that  is  commercially  worthless.  A  hig^  volatile  coal  low  in  ash 
was  chosen  to  mix  with  the  graphitic  coal.  Various  percentages  were  tried,  but  47 
per  cent  of  each  coal  and  6  per  cent  binder  made  an  entirely  satisfactory  briquet. 
Six  per  cent  binder  made  excellent  briquets:  outer  surface  smooth  and  polished, 
and  very  hard :  briquets  broke  without  crumbling,  and  broken  surfaces  were  smooth 
and  hard .     For  analyses  of  briquets  see  page  223  <  steaming  tests  414  and  415) . 


Test  126.    Test  127. 


Details  of  raanutacture: 

Machine  used 

Temperature  of  briquets. 

Binder- 
Kind  

Lat»oratory  No.  (see 

P«' 

.\mount .  ..percent. . 
Weignt  of- 

Fuel  briquet  ted. 

poundn 

Briquet  h.  aver  age, 

pounds  


Renf. 

1« 

w.g.  p. 

3410 
4.5.6  ' 

2.000 
0.43 


Renf.  • 

149 

w.  I?,  p. 

3410 
6 

16.000 
0.5  ; 


Details    of    manuiacture — 
Continued. 
Heat  value  per  pound- 
Fuel  as  received, 

B.  t.u 

Fuel  as  fired  .  B.  t.  u. . 

Binder do 

Weathering  test: 

Time  exposed days. . 

Condition 


Test  126.   Test  L^ 


13,151         12.2» 

12.532 

16.473  16.4T8 


214  : 


214 


Exiraction  analyses. 


Fuels. 


Pitch. 


LalK)rHtor\'  No 

Alr-flrviiiK  loss per  oont . 

Extracted  bvCS,: 

.\ir-<irir'<1 do. . . 

A  s  rwcivwl do . . . 

Pitch  ill  Ifriqiiets  as  received do. . . 


Utah 
No.  1. 

R 

No 

I. 

.  1. 

Briquet?, 
test  127 





— 

— ■ 

3199 
3.  go 

3141 
3.4 

(»..*» 

3.98  ; 

3.83 

.02 

fu89 

UTAH  :SO,  2. 

•  Bjtuminous  coal  from  Coalville,  Summit  County,  on  the  Union 
Pacific  Railroad,  was  designated  Utah  \o.  2.  The  coal,  as  worked 
at  a  depth  of  295  feet  at  this  place,  averages  10  feet  in  thickness. 

The  sample  consisted  of  slack  through  a  1 J -inch  screen  and  was 
shipped  under  the  supervision  of  John  W.  Groves.  It  was  used  in 
steaming  tests  (on  hricjuets)  402,  403,  and  404,  and  briquetting  test 
182;  also  mixed  with  Rhode  Lsland  No.  1  in  steaming  test  416  (on 
briquets,  see  p.  224)  and  briquetting  test  133. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3200 
Wiis  taken  5,000  feet  east  of  the  slope  bottom  on  the  500-foot  level, 
where  the  coal  measured  10  feet  2  inches  in  thickness.  Sample  3201 
Wiis  taken  4,500  feet  east  of  the  slope  on  the  400-foot  level,  where 
the  coal  measured  10  feet  7  inches  in  thickness. 


TESTS— UTAH, 
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CHEHIGAl.  AHALTBEB. 
Ut&h  No,  2. 


■ 

V#nB  Ai. 

Cur 

4m. 

400. 

404. 

Lrfkbomtnry  No -.-_ _..., 

JflOO 
17D 

3sm 

2.30 

i2.ee 

38.30 
43.19 

1.3S 

"*'"""""'' 

AiT'Hilfviiig  lo»i^»>^_...,^-^«^,-. ,^.. 

RDfT          13.  S6 
37, if]  ,       '^.m 
42, 40          4t.  1» 

11.53 

43.fi3 
fit  73 
1.36 

1,70 
72.15 

a4S 
1.54 

B.3a 

39,68 
4fiuOS 
&,^ 

4.75 
71.30 

1.27 
13,81 

Lfil 

10  (IS 

^'oLitili*  niAtbtr. . . .  - . .  ^ „ . 

39.82 

Fixed  ftir1>ftn           ♦^^  ,  .  *•,,.•..-,• 

43.41 

Aflh                                          .  —  J    J 

i^  75 

fluLpliur                            ,    *    -.-*i. 

1         L:i4 

ms 

C&rboa      ^     .  *  ^  _,  ^.  .,^^-.^....-^ 

Trtia 

Nitrogml-.,^^.„.,^^^ ,- 

1,29 

Oxygen  w* •..*.• .♦* » 

LI  47 

A«h...,..t..*,_.>^ 

i        j.m 

Sulphur 

L4B 

CiUorifli?  vaJupdftmnln^  (&•  Icalcirif4_. 

£wSl7 

1 

^  FfnxiniiLta  on&JyAlN  of  foei  lu  flu^d ;  ultimate  tLnalyvlii  af  dry  fkwL  Qfnimd  from  oar 


STEAMIHO  TESTS. 


Utah  Nfi,  2  (briquet*!.) 


Tsst4oa. 


Te«t4oa^ 


T€«tl04. 


Pimtlon  of  test ,...,., , .h(mr». . 

HcArtiiiw  vrtJiw  of  fnuJ....-^,, ^,. ..,,... *,,_.B.t.  u.pc^r  pound  dry  ruel.. 
Foree  ol  "IfFiflt 

VndfT  stuck  diunper, .  .»,....,.,....*,......»,,... Aash  WAtor. . 

Abom  flr*).. ..^.....^^.^....do,._ 

FumJUA'  U^mppratunj.  ,...,._„. , ...  ."F. . 

Dry  fueJ  used  pcT  ^qium  foot  of  grate  surCuco  per  bour  „  „ . . ,  .poundi, , 
EqiiiVttJi^Tii  wiki^T  eynpotmoa  ^r  a^imm  loot  of  wfttflrvheatio^  Ruxfiice 

pirr  bour _ _ , , pounda. . 

Feiltrintftgie  of  tiitr-A,  boraepowfr  of  boUf*!*  developed ..................... 

Wiit*r  uppafijntlj  era  pom  i^  per  pound  of  fuel  as  flml , .  _ . ,  .poimda , . 
WaUr  evftporatiHl  Irom  and  at  212  'F.: 

Ptir  pound  c^f  ftiel  &»  ftwd,,, , ,_., do.... 

P^r poimd  of  dir  fticl.  ........i^. ,...........,.,.«. . ..,, ^ ^ ^ . .do. ,, , 

Ppr  pound  nl  soiubijatiblH ._«*.. . _ ^ _,_ _., do 

Elficwiwy  nf  holler.  IncLuclliiiggrftte^,^,^...^, ,^. ,,.*«, .per cent.. 

FwHj  nji  limcl: 

Por  Lndlcdiied  hor*?powc?r  hour, .  * * ^ . ,  ,poutidA. . 

r^r  rif^t rlcal  hor!5f*pKJwer  hour ^^^  ...._■_....  ^^^ .. ^ . .  .do 

Dry  fuel' 

l*v*r  JodicatcKl  horsepowyr  hour. ...,».  ^^ , ,^- . . ^ .  .do, 

P*^r  f'lTTtTicftl  lu>n«pow«r  ftour, .,.,..,. do. 


I 


1kl£ 

3183 

3.«T 
80.  4 
4.43 

^12 
S.7S 

44.  IS 

&82 
4.89 

ao4 


Z75 
13,751 

0.13 

.20 
2.203 

72.4 

7.21 
7.Qa 
0122 

eaos 

3.09 
4u«4 

4.30 


10.  OS 

i?,5se 

O.M 


17.10 

2.47 
W.2 

&a4 
a4s 

7.M 

s.5e 

55,34 

4.  as 

4.ftfl 


Remarks. — Test  402  on  English  ])riquet8,  from  teat  132  (see  p.  266),  which  were  broken 
in  two  before  firing;  they  burned  with  some  flame  and  hehl  together  well  in  the  fire, 
with  no  smoke.  Tests  403  and  404  on  Renfrow  briquets  from  test  132,  which 
burned  with  a  medium  flame  and  very  little  smoke,  and  disintegrated  badly  in  the 
fire.  Very  fine  dark  aah  fell  through  the  grate  in  large  quantities,  mixed  with  a  good 
deal  of  green  coal.  No  clinker  formed  with  the  English  briquets,  and  very  little  with 
the  Renfrow  briquets. 

BRIQUETTINO  TESTS. 

Utah  No.  2. 

Test  132. — This  coat,  sent  primarily  for  l)riquetting,  had  all  the  characteristics  of 
lignite.  Oil  shale  was  sent  to  be  used  a.s  a  binder,  but  all  efforts  to  use  it  for  this  pur- 
poee  utteriy  failed.     The  English  briquets  with  5  and  6  per  cent  binder  indicated  a 
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shortage  of  pitch;  outer  surfaces  rough,  but  crumbly  and  porous;  crumbly  at  fracture, 
and  broken  and  fractured  surfaces  were  not  firm.  Briquets  with  7  per  cent  binder 
showed  improvement  over  the  others,  but  were  not  satisfactory;  outer  surface  harder, 
but  could  be  roughened  by  rubbing;  did  not  break  clean;  fractured  surfaces  not  hard. 
In  the  drop  test,  with  6  per  cent  binder,  the  1-inch  screen  held  64.4  per  cent  and  passed 
44.6  per  cent.  The  Renfrow  briquets  with  6  per  cent  binder  were  soft  and  showed 
shortage  of  pitch.  Those  with  7  per  cent  binder  showed  improvement;  broke  with 
crumbly  fracture  and  broken  surfaces  not  finn.  Eight  per  cent  binder  made  good 
briquetS)  with  liard  outer  surface;  broke  clean,  and  broken  surfaces  firm.  For  analyses 
of  briquets  see  page  265  (steaming  testa  402,  403,  404). 

Te^t  ISS. — In  this  test  Rhode  Island  No.  I,  the  only  available  high-volatile  coal,  wm 
chosen  in  order  to  supplement  the  data  of  test  127  (p.  264).  Test  133  was  not  succesB- 
ful,  as  coal  showed  characteristics  of  lignite,  both  in  briquetting  and  burning.  The 
mixture  contained  47  per  cent  of  each  coal.  Briquets  with  6  per  cent  binder  were 
tough  and  hard;  outer  surface  smooth  and  very  hard,  the  fracture  rough,  but  clean 
and  firm.  No  drop  tests  were  made.  For  analyses  of  briquets  see  page  223  (steaming 
test  416). 


Test  132. 


Te«tl33L 


Size  as  used: 

Over  J  Inch per  cent. . 

1^  inch  to  J  inch do 

^  inch  to  ^  inch do 

•    A  inch  to  ^  inch do 

U  nder  ^  Inch do 

Details  of  manufacture: 

Machim>  used 

Temperature  of  briquets °  F. . 

Binder: 

Kind 

Laboratory'No.  (bco  p.  4(0 

Amount per  cent. . 

Weight  of- 

Fue.l  briquetted pounds. . 

Briquets,  average do 


Heat  value  pt^r  pound 
Fuel  as  nx!eiv(  ' 


1 B.t.ti.. 

do.... 

do.... 


Fuel  as  nn>d 

Biiidtr.. 
Weathering  t^^sl 

Tlin*'  •'Xp<)s«Mi <iH ys 

Condition '. . 


0.8 
8.0 
21.4 
29.8 
40.0 


Eng. 
175 

6,7,8 

29,000  ' 
3.03 

10,  mi 

11.180  I 
If..  478  I 

190 

D.  : 


R«nf.  , 

140  I 

w.g.p.  I 
3,410  I 
5,6,7 

29,000 
0.42 

10,(107 
11.180 
1(').478 

190 
C. 


1.2 

19.2 
2S6 
48.0 

ReJiI. 
149 

w.g.p. 
3.410 


37,000 

asa 

iLati 
11,  s.*: 

lf..4TS 

190 
K. 


Extract  ion  anali/S' 


I'iteh. 


Laboratory  No I 

Air-<lrying'loss y>or  cent. . 

Extracted  bv  CSj:  ] 

Air-dried do ' 

As  received do ! 

Pitch  in  briquets  as  received do j 


rtah 
No.  2. 


:i2-)9 
2.W  , 


R.I. 
No.  1. 


3141 
3.40 


.02 
.02 


Briquets. 


Tejit 
132. 


Test 


4.(J9 
161 
5.46 


(i  l.i 
tVOt) 
7.54 


TISTS— VTRGTNT  A . 


VIRGINIA. 


VTKOO^IA  NO,  5. 
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ABthracite  coal  from  the  bed  knawna  as  the  ''Big  seam'*  (Brush 
Matin  tain  field)  10  miles  west  of  BJackshiirg,  Montgomery  roiinty, 
was  di?.^ipiat^  Virginia  No.  5-  The  coal,  as  worked  from  the  outcrop 
at  this  place,  averages  7  feet  8  inches  in  thickness. 

Two  samples  were  shipped  under  the  supervision  of  R.  T.  Carroll, 
Virginia  No.  5  A  consisted  of  pea  coal,  and  wfis  used  in  steaming  te.sts 
470  and  482  and  producer-gas  test  154.  Virginia  No.  5  B  consisted 
of  10  Ions  of  slack  coal,  and  was  used  in  steaming  test  494  (on  briquets) 
and  briquet  ting  testes  187f  and  188. 

Two  mine  samplers  were  taken  for  chemical  amilrwis-  Sample  4092 
was  t-aken  750  feet  south  of  the  opening,  where  the  eoid  nieasumd  7 
feet  10  inche.s  in  thickne^ss,  Sanq>le  4093  was  taken  \h  ieA^i  away^ 
where  the  coal  measured  7  feet  fi  inches  in  thickness. 


CITE  MIC  At  ANAlYfiEfl, 
Viririnju.  Ko.  5. 


UUw  nampliMi. 

Car  JHimplea. 

steaming  to 
A. 

Briquet- 

A. 

B, 

SS 

47«, 

IBS. 

4H. 
4417 

USTt^ 

I AlHiini.tnry  ^n  r . .  l    ^ 

400^ 

3.10 

3.m 

11. Oft 
17.64 

4m 

2.40 

42ffr 

4,  so 
10.12 

1!*.0» 
0».27 

7.m 

42S4 
7.10 

7.;© 

10.29 
115.  Oti 
16.23 

.as 

4.37 

mofi 
.m 

9.01 

4&4S 

A1r-df7lngl<>sa._,„,^ ..,_.,_ 

i'roKtimite: 

Moist  iinp *.*,,,,.,, 

i.n 

11.04 

m.m 
a.  53 

72.23 

.00 

3.30 

mm 

.70 

4.60 
It.fll 
OA..M 
17.38 

3.58 
73.45 
.TO 
3.42 
lg.22 
,63 

HvfB 

15.  K 
54.51 
14.95 

3.fl6 
75.82 

.sa 

1B.74 
.88 

4.  t!3 

VoUtUn  matter , 

14.28 

FlJi*!tl  carbon., -^.,.^^ »„,_., , 

05^49 

Ash... „... „,. 

lfi.2f 

Stilphiir  ..,..,.,,,,.,,„.,„_  „ 

.711 

ttltimatei 

:i.eB 

Carbon,.... ...... ..,.__„„, 

76.17 

Mtrogievt 

OiTifen.,.,.4..... ^.... 



2.M 

Aifi" !:::;:::::::;;:::;::::::: 

B.OO 

BiiJpijur ....,........._,., 

,S3 

Cdiofinc    vaivte    ^X»t-  fc^nrtBa. . 

«.4S3 

a,64fi 

11,901 

flpOO? 

rataedtAaiwetyid).  4^  t^u-. 

,,..,... 

aProziiiiBte  analysis  of  fuel  as  fired;  ultimate  analysis  of  dn^  fuel  figured  from  car  sample, 
ft  Proximate  analysis  of  fuel  as  reeeived;  ultimate  analysis  on  dry  basis. 

STEAMING  TESTS. 

Virginia  No.  5. 


A. 

B. 

Teat  476. 

Test  482. 

Test  494.0 

Size  BB  uaed: 

Overliiich 

per  cent . . 

4.0 

2.1 

Jinchtolinch 

...do.... 

31.1 

23.0 

linchtojinch 

do.... 

37.7 

3(>.4 

lseep.2f»8. 

tJnderilnch 

do.... 

2.72 

38.5 

Average  diameter 

inch.. 

0.53 

0.45 

DAratfon  of  test 

hours. . 

9.40 

6.53              7.00 

Heating  yabie  of  fuel 

ii.  t.  u.  per  pound  dry  fuel.. 

12,472 

12,679 

13,122 

«  On  briquets,  equal  weights  from  tests  187t  and  188. 


268  REPORT   U.  S.  FUEL-TESTING  PLANT,  1900-7. 

STEAMIKG  TESTS — Continued. 
Virginia  No.  5. 


Foroe  of  draft: 

Under  stack  damper Inch  water. 

Above  fire do... 

In  ash  pit do... 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour pounds . 

Equivalent  water  evaporated  per  square  foot  of  wat<?r-h<»atlng  surface 

per  hour pounds . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  fuel  as  fired .pounds. 

Water  evaporated  from  and  at  212°  F. : 

Per  i>ound  of  fuel  as  fired do. . . 

Per  pound  of  dry  fuel : do. . . 

Per  pound  of  combustible do. . . 

Effidencv  of  boiler,  including  grate por  cent. 

Fuel  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  fuel: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour do 


Test  476.  Test  482. 


0.83 

.22 

a. 32 

22.74 

3.66 
99.7 
6.20 

7.46 
7.83 
10.77 
60.63 

3.79 
4.68 

3.61 
4.46 


0.63 

1.03 

.08 

35.31 

5.27 
147.7 
5.89 

7,13 
7.47 
9.67 
56.90 

3.97 
4.90 

3.79 
4.67 


B. 


Teatm. 


0.M 
.20 


20.07 
3.58 

loal 

7.(fi 

8.« 
8.93 
11.05 
65.72 

3.33 

4.12 

3.  IT 
3.91 


Coal  consumed  in  producer  per  horsepower  hour  (pounds). 

Per  electrical  horsepower: 

Commercially  available 

Dcvelopo<l  at  switchboard 

Per  brake  borscnower: 

Commercially  available 

Developed  at  engine 


Equivalent  u/ted  by  producer  pUint  (pounds). 


Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchbourd. 

Per  brake  horsepower: 

Commercially  available 

Developwl  at  engine 


1.37  I 
1.33 


1.17  I 
1. 13  I 


1.49 
1.44 


1.1>7 
1.22 


1.33  I 
1.29 


1.13  , 
1.09  I 


1.44 
1.39 


1.22 
1.18 


1.08 
1.04 

.92 
.S9 


LIT 
1.13 


.99 
.96 


Analyses. 


Coal. 


Moisture 3.34 

Volatile  matter 11. 28 

Fixed  carbon 07. 24 

Ash 18.14 

Sulphur ?.'> 


Oa^  by  volume. 


Carbon  dioxide  (COj) ia2 

Carbon  monoxide  (CO) 19. 1 

Ilvdropeu  (Hj) 20.8 

Methane  (CRo !•« 

NitroKen  (N,) 48.2 

Kthylene  (CjH*) -1 


BEiaUETTING  TESTS. 
Virginia  No.  5  B  (slack). 

Tests  187-\  and  18S. — Size  as  used:  Over  \  inch,  0.0  per  cent;  ^'^  inch  to  }  inch,  8-^ 
per  cent;  .^V  ^^^^  ^  A  in<-h,  23. G  per  cent;  ^^i  inch  to  }q  inch,  27.6  per  cent;  throug^^ 
^^  incli,  39.4  per  cent.    A  very  hard,  uonporous  briquet  was  made  with  6  per  cent 


a  During  the  last  two  hoars. 
PS0DUCEB-QA8  TEST. 

Virginia  No.  5  A  (p>ea). 

Test  154. — Duration  of  test,  30  hours.     Average  electrical  horsepower,  199.6.    Aver- 
age B.  t.  u.  per  cubic  foot  of  gas,   160.7.     Total  coal  fired,  7,950  pounds. 


Coal  as  '  n«r«^«i  I  Combutf- 
fired.      I>nrcoal.     ^ible. 


TESTS VIHGIHIA, 
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n  the  EngllBii  niacbiDe.  Re^nirow  briquets  with  7  pei  cent  hinder  stuck 
in  piling,  showing  exceas  of  pitch;  othen^ise  lbe«e  briquets  were  satisfactrtry. 
n  ei^ceptioiiidly  gtxiti  Uriqnetting  cxmlj  req airing  but  a  snmll  percentji^  «f 
id  making  briquets  with  finn»  amootli  ruiter  surfaces,  sbaqj  edges,  aiifl  cbar- 
glo»y  frikvUiTe.  For  analyBes  uf  briqueta  see  page  2fi7  (^briquete  irom  test 
r  Hteaming  teet  494). 


ToBt 

T«t 

u^. 

isa. 

iVAaufMtm^: 

Aliped 

Rent. 

Efig. 

mturei  ot    tirl- 

...*F„ 

t8& 

ISS 

ad... ..:.-. 

w.  B.  p. 

w.  g.  p. 

bor&toiy  N(i.  {tm 

>,#),„. ...,. 

454t 

45a 

lount.., per  pant. - 

7 

0.35 

of- 

el    tiriquett«d, 

ffundi*.-*..,*.,^.. 

«»000 

ion 

qu^U,  »r«fag«p 

xmnds  „ .... 

rt.«7 

«.  t1 

bI   as   received, 

.t.u...... 

IUH&3 

lUmA 

elAA&riHl-'B.l-ti.. 

12*  M2 

12,1^ 

id*r,,,-,,„do-.„ 

1«,»«0 

ifs^im 

Drvn  t*«t  (l-Jarli  wjfwn): 

lleld. .. ......  .per  oeuiH. , 

Pn^^ed ,  r . , .  .do 

TumblAr  tut  (l-inchsoTven): 

llplfJ percent.. 

Po^nd  (ftnea) .  ^ . .  .do^ . . . 

Flam   tnrouKH    lO-meili 

sl<3v& poroeiit., 

W«athciTlng  tmt: 

Time  expospd da^. . 

ConditlOD  ..,„,.-„,„,.. 
Wp^ter  atworptJon: 

In.  lOd^yct..  ...percent. . 

Av^TV^  for  first  5  da^fl, 

percent...... .. 

Spednc  gTQiTlty  (tppArerit) . . 


Tnt 

Tiwt 

2L5 

M.0 
U,0 

{Mj.V 

mi 

in 

A, 

H,K 

VI.  n 

2.U 
Mi2 

L2Qg 

Fitoiii 

Fim. 

BilqDtfti. 

T«»t 
l«7t- 

Twt 

rNo.              .  .                                                         ! 

4543 

,37 

4546 

e.€7 

4417 

losv ^._^...... *. 

..p«rtjt£Lt.. 

4  10 

^.^: 

, do  ... 

&.m 

fqaeta  va  i«oel¥Ml 

„,.....,.,„. d(>..,, 

.dii.  . 

W.QA 

.7.74 

< 


virghs^ia  no.  o. 

ninous  coal  from  the  bed  locally  known  as  No.  4,. 5  miles 
est  of  Richlands,  Tazewell  County,  on  the  Norfolk  and  West- 
ilway,  was  designated  Virginia  No.  6.  The  coal,  as  worked 
le  outcrop  at  this  place,  averages  5  feet  i  inch  in  thickness, 
sample,  shipped  under  the  supervision  of  Jolm  W.  Groves, 
^d  of  run-of-niine  coal  and  was  used  in  steaming  Cest  507, 
3r-gas  test  160,  washing  test  198,  and  coking  tests  181  (raw) 
[  (washed  coal). 

mine  samples  were  taken  for  chemical  analysis.  Sample 
as  taken  2,000  feet  southeast  of  the  opening,  where  the  coal 
ed  5  feet  5  inches  in  thickness.  Sample  4305  was  taken  1,600 
;t  of  the  opening,  where  the  coal  measured  4  feet  8  inches  in 
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Virginia  No.  6. 


Wsmmmifkm. 

Gtf 

ss 

lAbontoiyNo 

4001 

3.40 

8.00 

90. 8B 

0103 

4.02 

LTO 



LOO 

1.00 
U.4ff 

m.u 

4.48 
LOO 

its 

•LA 

H 

A  Itwirvlffiv  loM 

^^"TSSoib 

Vfltetiht  imttfir 

Ftxttd  oaHwn 

sSphur 

H^ditMnii 

SZSS^ ...     :          .   :      :::::::::::::::::::::::: 

Nltrosen ' 

• 

Otvwbh r,. ...'.. 

A2r!r;:;:::::::::::::::::::::::::::::::::::::::::::::::::::::::::;: 

Snliduir 

.^£ 

1 

•  Proximate  analTiit  of  fuel  Mflred;  ultimate  anAlysIs  of  drj  fad  flgund  from  i 

STSAIONO  TB8T. 
Yiilgfiiiia  No.  6. 


sin  as  naed: 

Over  Unoh 

I  inch  to  llnch do. 

{Inch  to  i  inch 1 do. 

t7nderiiiidi do. 

Average  diameter ■ Iwdi.. 

Duration  of  tost hoars.. 

fleatlng  value  of  coal B.  t.  u.  per  pound  dry  ooal. . 

Force  01  draft: 

Under  stack  damper inch  water. . 

Above  flro do ... . 

In  ash  pit do 

Drj-  coal  used  i)er  square  foot  of  gra1«  surface  per  hour pounds. . 

Eqiiivalont  water  evaporate  1  per  souaro  foot  of  wnter-heatiiig  surface  per  hour do 

PerceJitago  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired iKmnds. . 

Water  evaporaU'wd  from  and  at  212*  F.: 

Per  pound  of  coal  as  fired do 

I'er  poimd  of  dry  coal do — 

Ter  pound  of  combustible do 

EflBciency  of  boiler,  including  grat<» per  cent. . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do. . 

Dry  coal: 

Per  indicated  horsepower  hour do. . 

Per  electrical  hor««power  hour do  . 


Vh 


PBODUCEB-OAS  TEST. 

Virginia  No.  0  (run  nf  mine). 

Test  160. — Dunition  of  t<»st,  50 hours.     Average electri(^al  horsepower,  193.1.    A^ 
ago  IJ.  t.  u.  jKjr  <"ubi<'  foot  of  gafi,  138.1 .     T()tal  coal  lired,  1 1 ,000  pounds. 


I  Coal  as 
fired. 


Coal  coniurned  in  producer  per  horsepower  hour  (pounds). 

Per  electrical  horsepower: 

Commerciallv  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commerciallv  availablo 

Developed  at  engi"^  


1.18 
1.14 


1.00 
.97 


Dry  coal. 


1.12 
1.00 


Co 
bust 


TEBTS — VIRGIN  I  A. 

FEO  D  UCEB-Q  AB  TEST  -  rr I  HI  im  j^ , 

Vifigiiiia  Nt>.  6  (run  ni  mine). 


ill 


[fyii  JiorfHt|Miwr<.r: 

appd  at  ongtli0..^ ,..w*-*-,,,..^^.. 


JrnaJyvj^. 


c^kd/. 


22.77 
1.5» 


tia»  btf  it4o.me* 


C*rlMii  diojtida  iCOyw. , ,  ukh 

Carbon  mono iddB  (CO) , .,.,,  17.1 

jrvdrogpn  (tjj). „..„... ^.-^,.-..,  Kl 

WHhino  (Cllj) „.,,-...._ i.i.  StO 

NUrogiin  tN,).. .,.-.,-- , Sfi.S 

Ethfteue  ICiBt),- „.....-,-......  hS 


WA8HIK0  TESTS. 

S^.^Dumttuu  tif  teBt,  ]\  hoiunt,  Sbe  aa  iised^  througli  Wmch  wrreen^  Jig 
teniftt:  *!pi?«l,  70  r*  p,  m.;  s^troke,  2i  iachei.  Raw  cotd,  8.31  torn;  wanth^ 
&  tons,  81  |Hrr  cent;  refuse,  1 .56  tonsj  19  p^r  cant. 

Analy»at. 


lAb.Ko. 

Aflti. 

Iff 

Sunple  tofftatj. 

Pererat. 

PAri#]iiplc<.    .*,.*■».*     .             »^,    .i,. 

4673 

4571 

8.79 
4.» 

1. 31 

onLtnt  tifi........ , 

67 

i.m 

a.  irj 

F^oa/  and  sink  tests. 


3.  of  teat. 


I 


Pe  rentage 
of  float  - 


Sizo 
used 
(inch) 


al  (preliminary)  : 


(float): 


SjxM-iflr  I 
gravity 
of  solu- 
tion us«m1. 


I.  11 
1.45  1 
I.. '.3 


To 
n'fiiw. 


To 
total 
sam- 
ple. 


1.3.'-)  1  15.30 

1  41  !  15.75 

1.4,'i  1  15.90 

1.51  19.2.5 


So 
H5 
K7 

2.90 
2.99 
3.02 
3.  »15 


AnalyseA. 


Sink 

(p<'r 

cent). 


Ash. 


Per 
cent. 


l»i  I  2.ti0 

15  I  2.98 

15  I  3.44 

13  1  3.53 

. . . .  4.  80 
5. 35 
5.  ♦)2 
9.  31 


Per 
cent 
reduc- 
tion. 


Sulphur. 


Per 
cent. 


95 
.92 
.95  I 

97  , 


Per 
cent 
reduc- 
tion. 


21 
24 
21 
20 


1.39 
1.78 
1.75  1 
2.79  , 


«  indicate  that  finer  rnishing  is  julvantagoons.  It  will  l>e  noted  that  in  the  washing  test  the 
lows  A  hiffher  percentago  in  the  washed  coal  than  it  did  in  the  raw  coal.  This  is  caused  by  the 
of  the  ash  being  so  much  gnvitcr  than  th«-  n'duction  of  the  sulphur  that  the  resulting  per- 
the  BUlphur  to  the  washed  coa  1  is  higher  than  that  of  the  original  sulphur  to  the  raw  coal.     By 

'— ^H_,  It  is  found  that  13  [kt  cent  of  the  sulphur  in  the  raw  coal  was  removed  in  washing. 

jood  coal"  In  the  refuse  will  not  excivd  2  2  \)ct  cent.  By  "good  coal"  Is  meant  all  ooal  of  a 
uai  to  or  better  than  that  of  the  washed  coal. 
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COKHTG  TESTS. 

Virginia  No.  6  (run  of  mine). 


Size  as  used 

Duration  of  test hours. . 

Coal  charged pounds.. 

Goto  produced L^i^nU. 

BrBe«,  produced ^^uC. 

Total  yield do 


Tesrt  181      Test  IM 

(raw;.    ,     (w.). 


f.  c. 

50  ; 

10,910 
6.606  ' 
61.39 
267i 
2.45  I 
63.84 


f.C. 

11. 1» 
6.150 
55.01 

m 
in 

56.71 


Remarks. — Test  181:  Light  gray  <*c)lor;  denee  coke;  breakage  very  irregular.    Test 
184:  Light  gray  and  silvery;  good  ntrong  coke;  washing  reduced  ash  and  sulphur. 

Analyses. 

Test  181.  Test  184. 

Coal.      Coke.  '  Coal.     Coke. 


Moisture 5. 05 

VolatUe  matter 22.96 

Fixed  carbon 62.  U 

Ash I  9. 89 

Sulphur 1.49 


0.38 
1.35 
86.05 
12.22 
1.44 


5.48'  a24 
24.77  .32 

64.96  9173   I 

1.45  I  l^ 


WASHINGTON. 

WAHHINGTON  :VO.  1. 

Subbituminous  coal  from  Renton,  King  County,  on  the  Seattle  and 
Tacoma  electric  line,  and  also  on  a  branch  of  the  Great  Northern  Rail-  \ 
way,  was  designated  Washington  No.  1.     The  coal  is  reached  by  a 
slope  at  this  place. 

These  samples  were  shipped  under  the  supervision  of  M.  R.  Camp- 
bell, as  follows:  Washington  No.  1  A  consisted  of  pea  coal  and  was 
used  in  producer-gas  test  00.  Washington  No.  1  B  consisted  of  riin- 
of-mhie  coal,  and  was  used  in  steaming  test  290  and  producer-gas  tests 
89  and  94. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  2455 
was  taken  2,400  feet  south  of  the  slope  and  4,300  feet  from  the  mouth 
of  the  mine.  Sample  2450  was  obtaincnl  150  feet  from  the  slo})e  and 
2,300  feet  from  the  mouth  of  the  mine. 


CHEMICAL  A15 

AViUshiiigton 

■"  ""'    r 

r  ALYSES. 

N(..  1. 

Mino  samples. 

24.V,  '          245r)  1 
9  JM)           V2.W) 

l(i.  IS  ,         17.<»7  , 
;«.♦>.')           .'i.').  13 
:^.  31  '        .39.  I'J  1 

8.  m  1          7.  78  , 

.40               .43 

Car  samples. 

2t.87            2686 
10.70            9.60 

16.  04          11  30 

31.  .•»        ;a  03 

41.04  1        41.% 

11.53          11.37 

.61              .72 

Steaming 
1  U»8t  290,« 

Laboratory  No 

Air-drving  loss 

Prcxiriuite: 

Moisture 

15.96 
34.53 
37.43 
12.06 
.58 

Vobitile  matter. . . 

Fixed  carbon 

Ash 

Sulphur 

a  Proximate  analysis  ot  fuel  as  fired. 


TESTS — WASJimGTON. 

GHEJIICAL  ANALYSES— Cou  tin  ued. 
Wiiflhiri^ton  No,  1. 
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Uiim  waaj^m. 


Cmrmm^^, 

&.M 

5,73 

so.  51 

67.27 

i.ie 

LIT 

1        ^4.02 

23.74 

Ultimate; 

Uydro^n.,..,  „,,,,,,,. , ,„.,,,.,, 

CfcTtMJn.. .,  „...,.^.., .„...,^._„..,,. 

Nitrogen .,*h.*-^* ,,.*^*^._.^^.^^ i^^_. 

Oxygen ^*,. ,,.i ^_.. 

Ash .....,.,,.,...,.,. 

SiiJpbiir„,... -- .,,  e, ,,.,,.  .... 

DK-tcnninM... "--- ■■■   -  (aWi: 

'\B.  t.  n... 


Calculated  Irora  ultlnute  »iuUy«Efl. 


^,7S«  .      10,(>7l 


■177 

L34 
(2, 71 

.59 


a  UltttDAtc  iinAlyHiM  oj  dry  fiioJ  figured  from  car  AAnipU' 

STEAJSIKO  TEST, 

Wafihinglon  No.  1  B  (run  of  mioe)* 


TtelfllO. 


Over  1  inch m^^..^^.,^, ,,..,., _.-._ , ,piif  iwa|_- 

{Inch  to  1  IceH- „„._.....,, , _, .,.,,. »._,„do 
inch  to  I  tnek ^_.,-^...,,.,,,,,,,,,,...^^,, ^*^ ..,,_,  „.,,,,„do,_.* 
^ndi^r  1  inelj,.*.,.* „,,,.. ,..-.-..._*- ^. d«»,... 

Duriition  ol  test .._ .  -^ ...  „ ^,-,.— .  • .,,,„.. ^boura. . 

llctiitiEig  vjUtiP  oi coal- , .* . _ . . _, ^ B.  t.  u.  pt^r  poxind  dry  co*!. . 

Foioe  ol  droit: 

Und^r  ilack  danipor.  ..*...._...... . .  .tnc^  waler. . 

Aboi?e  fire.......... _^ _.,,..,*.._,._,.,,. „,_^,,,„.,_^_._ _.,,,».^.do.,,. 

fttrtuu*  t^^mriprfttun* ........._........,, , . . .  ,-^F. . 

Dry  isOAl  iisfd  wr  f^qimnrr toot  of  gml£  mlrfact^  iMir  hfliir_,  .„, „,,^^,,.^*,..,poundi,. 

Eq'oivsii'nt  wiiU^reviiporatpd  ppr  sdiwiito  foot  of  wftter-hpatli^  iiiffiicp  pe^lumrv . .  ^  ^* .  .do. .. . 

JP0(t)E»ilt&^^  of  niti^d  horwpoifcvrof  HoUcr  di'veJoped*.. ... ^, ^-^. ,.... ^,.^, -_,.... ..,^...... 

ffAt6T  appftr\-Titlv  rvftpfirtili'^  pet  tKnimJ  tif  toiiTas  flf^'d „.„... .poUBdii.. 

W»terevftpon4tj?d  from  iind  at  212*  F,: 

Fer  pouijd  of  c<ih.I  as  awtj,,.. , ..,. „„ *..,.do 

Ppr  potmd  of  dry  foaJ .......  .^ . ^  ._*...._  ^ ..  ^ ^ . .._-.. ..._..  ^ do 

l^r  pound  ol  conibiiatibl*i „ , . . , „„ , ,.,...„__. ,„,,„.,... .,, . .do, - , . 

'EOk^eocy  of  ^flUer,  tachidiiig  grate. .  _ , , .....,, per t^&t. . 

C4kaJ  KA  □Tf'd: 

Per  jQcIicfttt^d  hor9epowi?:r  hour. ..._.....-... ^ ._, ..pomidii.. 

BfTpy-Qtricsl  horsf^pnwTrhoyr,, „,,,,,,,..._,,„.,„_.,,„...,._, ....... do*.. - 

Dry  cool . 

"  I^r  iiidic!au?d  horst^powyr  hour. ., ^ . . „ ,,,,,....., ,., ^ . ^  ***.*,..  *^ , . .do, . . * 

Pjerr  elect rloEik  honiepowBrhotir.... _....... «...^.^^ «-, ....,^d,... 


3».0 
ti, 

10,  rj 

iii773 

,15! 
2.047 

5.23 

7.44 
GL03 

4.m 


PRODUCER-GAS  TESTS. 

Washington  No.  1. 


Size  as  shipped Pea. 

Size  tLS  used:                                                                                               !  i 

Over  1  inch per  cent. .  j  9 

1  Inch  to  1  inch do. . . .  :i5  | 

J  inch  to  J  inch do i  31 

Under  i  inch do....  2.5  | 

Duration  of  teat hours..!  40  j 

Average  electrical  horsepower 144. 2 

Average  B.  t.  u.  per  cubic  foot  of  gas '  145. 9 

ToCAlcoal  fired pounds..!  18,900  1 

19098— Bull.  No.  3S2—()S 18 


St  89. 

Test  94. 

o.  m. 

r.  o.  m. 

45 

68 

10 

10 

15 

9 

:J0 

13 

40 

14 

156.2 

195.6 

159.2 

1441 

16,450 

6,550 
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PB0DTJCE&-GA8  TESTS — Continued. 
Washington  No.  1. 


T«st  90  (A.) 


T«*t  m  (B). 


Cofr] 

Its 
flred, 


Dry 


Com-'  Cci«.l 
bus-      &A 
ttbka,  Amd. 


Bit 


bu9- 
ttble. 


Te»t  M  (B). 


Coal 


^. 


Coal  consumed  in  producer  jmt  hoTtepovtr 
hoar  impounds), 

Pvtrd^^Ht^Al  Uctrscpovtijr: 

CoifUDi'rt'ifllly  xivalL^hlc ...................  3*3*1 

DievcloiXMl  lit  r*1lch  IXJttpd ,,.„...  H .  3. 28 

Per  brake  homL^tHs^vver: 

rommcn-HttUTT  atftflabte , . . ,  „ , 3. 00 

D^'V^lojwd  iit  engine. ^^.,.................  2-76 

Equiiaitnt  used  byi  producer  plant  { pounds}. 

TtiT  flfHitncAl  horsc^power: 

Commcrciftliy  Hvailali](>!. 

DpvpIophJ  lit  swKfli  J>04nl*^,,,.___....^ 

ConiniL^riclaliy  a  vnilubh^  .*♦., ,-*-4, 

EN*vc*loped  at  CTiginc 


a  71 
3.44 


3.15 
2.W 


2.m 

2.75 


2^  Fa 


3.11 
2.m 


2AU 


a.  34 


3.14 
L90 


2.U 


2.  S3 


2.40 
2.2< 


3.03 
2,32 


2.24     2,57 
2.C8     2.40 


2.37 
2.21 


2.01 
1.^ 


2.54 
2.37 


2.10 
2.01 


Log 
urn 


1,W 


2.39 


2.14 
2,01 


2.73 
2.5» 


1,  §1    2.  aa 
1  ee  :  3.30 


2:01 


l.W 
L71 


2.17 


l.» 
Lfl 


Lil 


LSI 


Analyses. 


r  Test  90.  I  Test  J 


Coal. 

Moisture 16.17 

Volatile  matter 34. 00 

Fixed  carbon i  37.27 

Ash 12.  .W 

Sulphur I  .r.3 


16.21 
34.07 
36. 3.') 
13.37 
.58 


Test  94. 


10.02 
:«.27 
36.81 
13.90 
.59 


xicfe 


Oas  by  volume. 

Carbon    dioxide 
(CO,) 

(Carbon     mono; 
(CO) 

Hydrogen  (II,) 

Methane  (CHO 

Nitrogen  (Na;> . 

Oxvgen  (()})  . . . 

Kthvlone  (Cjll, 


Teat  90. 

Teat  80. 

11.3 

13.4 

15.4 
10.5 
3.6 
59.2 
.0 

115 

16.7 

3.8 

r.1.6 

.0 

Teat  94. 


12.6 

13.9 
12.8 
2.6 
57.4 
.2 
.7 


AVASIIIXGTOX  XO.  2. 

Bituminous  coal  from  Koslyn,  Ivittitas  ('ounty,  on  the  Northern 
Pacific  Railway,  was  desitriiated  Wa.sliingtoii  No.  2.  The  coal  is 
worked  at  a  depth  of  025  feet  at  this  place. 

The  sample,  ccmsistinf^:  of  lump  coal  loaded  imder  the  supervision 
of  M.  R.  Campbell,  was  used  in  steamin^i:  tests  359,  360,  361,  and 
(on  briquets)  412;  producer-<ras  test  112;  coking  test  135;  cupola  tests 
97  and  134;  and  briquetting  test  125. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample 
2457  was  taken  about  6,000  feet  from  the  mouth  of  the  mine.  Sam- 
ple 2458  was  taken  about  2,000  feet  from  the  foot  of  the  shaft. 


TESTS— W  ASH  I NQTON , 


S7fi 


CHEMICAL  AHALYSEfi. 
Waiahingtrjii  No*  2, 


k 

Mtzunuuni^. 

Car 

Bt«&inliigte«tii^ 

m. 

360. 

a6L 

m. 

tSh^TAtOTJ  No ,.^..*^»j.,^ 

MfiS 

10.30 

a4&7 

.00 

ait.  15^ 

13.  Ql 

a  16 

mad 

Alr-dryUg'loas-  ,,**»*_..,„.., 

Mofdtwe „ 

Volatile  nuiHer ^ ^ 

11  ao 

CW 

71,  ea 
Las 

1U.(W 
.39 

3.ftl 

n,tw 

1.29 

».  1^ 

1X35 
.41 

4aifi 
iLse 

.37 

4.ve 

73,l(i 

1.2a 

1X03 

3.  Ad 

$T.3B 

'               A^.„.   . .„.. 

48.  S» 
ILOtt 

*          Sulpbiu-,w*« ,,,,,,,* 

.3& 

4.88 

[          OHlwm-—- ...... - 

V//ZIIV. 

T^g 

,       oSSS?:. ,.:.,: 

"".'.Z, 

&§s 

1      iS?^„. .„,_:.;.:..:.:.:..::..:. 

8ii|pi!iir„.. .J 

i?;S 

.40 

7.m 

*"'"""*' 

lUtlmftie  iuial->H  t  u  " 

*.^. .*.-.. 

F»^ JO.    IH.  «... 

«iFTOxltnAte  uukiyals  of  fiiel  as  firHd:  ultimate  AnHtyslii  ol  dty  faal  ftgared  ffom  o&i  ftampLe. 

ST^AMIKQ  TESTS. 

Washington  No.  2  (lump). 


Test  350. 

Test  360. 

Test  361. 

20.9 
21.3 

lao 

39.8 

10.0 

12,996 

41.4 
22.3 
15.3 
21.0 
10.05 
13,059 

33.5 

22.8 
15.8 
27.9 
10.0 
13,095 

O.tiO 

.13 

2,362 

0.67 

.12 

2,409 

0.68 

.12 

2,405 

19.83 

22.60 

21.92 

3.47 
97.  4 

3.86 
108.4 

3.82 
107.1 

7.13 

6.93 

7.08 

8.50 
8.78 
10. 27 
iSb.  2,5 

8.23 
8.54 
9.8() 
63.15 

8.42 
8.73 
10.07 
64.38 

3.33 
4.11 

3.44 
4.24 

3.36 
4.15 

3.i>2 
3.98 

3.31 
4.09 

3.24 
4.00 

Test  412. 


SIxeasused: 

Over  1  Inch per  cent. . 

4  inch  to  1  inch *. do 

J  inch  to  \  inch do 

Under  \  inch do 

Duration  of  test hours. . 

Heating  value  of  fuel B.  t.  u.  iwr  pound  dry  fuel . . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  temperature °F. . 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour. 

pounds 

Equivalent  water  evaporated  per  square  foot  of  water-heat- 
ing surface  per  hour pounds. . 

Percentage  of  rated  horsepower  of  boiler  develoiwd 

Water  apparently  evaporated  i^er  pound  of  fuel  as  fired. 

pounds 

\\  ater  evaporated  from  and  at  212  **>'.: 

Per  pound  of  fuel  as  fired i>ounds. . 

Per  pound  of  dry  fuel do  — 

Per  pound  of  combustible do  — 

Efficiencv  of  boiler,  including  grate per  tPiit . 

Fuelasnred: 

Per  indicated  horsepower  hour j>ounds. . 

Per  electrical  horsepower  hour do 

Dry  fuel: 

Per  indicated  horsepower  liour do  — 

Per  electrical  horsepower  hour do 


•See  p.  277 

9.47 
13,243 

0.63 

.11 

2,155 

19.78 

3.54 
99.3 

7.49 

8.74 
8.98 
10.22 
65.48 

3.24 
3.99 

3.15 
3.89 


Remarks. — Test  412  on  l)riquets.  English  ])ri(iuet8  burned  very  freely  and  i-racked 
open  to  a  depth  of  2  inches,  but  coketl  and  held  together  well.  Renfrow  briquets 
made  a  hotter  fire  than  the  others,  probably  owing  to  the  fact  that  they  were  small 
and  made  a  more  compact  fuel  bed.  The  different  percentages  of  pitrh  do  not  affect 
the  burning  qualities.  No  smoke.  Refuse:  ('linker  was  heavy  and  was  brittle  when 
hot,  and  slightly  porous.     Ash  was  heavy  and  of  a  reddish-brown  color. 
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REPORT  U.  S.  FUEL-TESTING  PLANT,  190&-*!. 


PBODUCEB-GAS  TEST. 

Washington  No.  2  (lump). 

Test  112, — Duration   of   test,    35   hours.    Average    electrical    horsepower    195i7. 
Average  B.  t.  u.  per  cubic  foot  of  gas,  168.6.     Total  coal  fired,  9,300  pounds. 


Coal  consumed  in  producer  per  horsepower  hour  {.pounds). 

Per  electrical  horsepower: 

Commercially  available v 

Developed  at  switchboacd 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


Coal      n^^.i      Com- 
as fired.  ,I>nrcoaL  i^u^jble. 


Equivalent  used  by  producer  filant  {pounds). 


Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard . 

Per  brake  horsepower: 

Commen.'ially  available 

Developed  at  engine 


1.44  , 
1.36  I 


1.22  I 
1.15 


•1.53 
1.44 


1.20 
1.22 


1.17 
1.11 


L4B 
1.38 


1.24 
1.17 


I.IS 
1.12 


1.00 
.9S 


1.25 
1.18 


1.06 
1.01 


Analyses. 


Coal. 


Oas  by  volume. 


Moisture 4, 01 

Volatile  mutter 34.  Gl 

Fixed  cari)on 47.  ^ 

Ash 13. 89 

Sulphur 38 


Carbon  dioxide  (COj) 7.9 

Carbon  monoxide(CO) 22. 2 

Hydrogen  (Hj) 15.4 

Methane  (CH<) 2.6 

Nitrogen  (Na) 51.5 

Ethylene  (CiII*) 4 


COKING  TEST. 

Washingion  No.  2  (lump). 
Test  i.i.3.— Siz<'  its  used:  Raw,  finely  cruslK^d.  Duration  of  U»8t,  36  hours;  coal 
charged,  10,0(K)  p()un<ls;  coke  produced.  5, 177  pounds,  54.77  percent;  breeze  pnxlucTd. 
444  pounds,  4.44  per  cent.  Total  percentage  yiehl,  59.21.  Light  gray,  with  deposit 
of  carlxtn;  lingere<land  brittle.  Ash  should  be  lowered  and  coke  probably  otherwise 
improved  l)y  washing. 

Aiuilysfs. 


CohI.      Coke. 


Moisture 3.07 

Volnlilo  iiiatlrr 37.42 

F\  xeU  cu  rbon 47. 35 

Ash 12. 16 

Sulphur 44 


1.02 

2.10 

77.53 

19.35 

.44 


(.'upola 
tost 
No. 


97 

i;j4 


Test 
No. 


Cupola  tista  of  cokt  madi  J'wdi  Washirujton  No.  H  coal. 


("oko.'x 


Fluid- 
ity 


Divisions  of  charge. 


grav-     iroiNof    'i^V.^ 


Materials. 


coke. 


full. 


l.'J.I         1.  <M) 
i;i.:i        1.  W 


Prrd.  Lb.s.  Lbs.  \    Lb/f.  Lbn. 

fCoke 19()  '  W)  I          W)  tJO 

01.  (.0  |{  Pig  iron .570  420           420  430 

[Scrap 190  14<)           140  140 

jCoke 200  r^H            .W  57 

97.22  Kl'ig  iron UK)  4i;{  1        413  |  412 

I  (Scrap 2<K)  ,  LiX          i:W  137 

'               I   ^                                                                  I  _  _ 

o  Phosphorus  in  coke,  0.0847  per  cent. 


Total. 


Lbs. 

Lbs. 

CO 

430 

420 

2.250 

140 

750 

57 

430 

412 

2.250 

137 

750 

TESTS — WASHINGTON. 
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Cupola  Usti  ofoohe  made  from  Wdihington  JVb.  2  coof-^Guntiiiuecl. 
RECORD  OF  MELT, 


No. 

Iron 
run- 
Aing 

vr^glit  of  iroiL 

Melting. 

OUAt— 

'  Addt- 

Poured.  tloimJ 

molted. 

Total. 

Tlroe» 

RAto 

per 

bour. 

RaUo 

iron 

tocoka 

Loa^. 

IroB. 

Ckike. 

IS4 

aila.iiL.,. 
43/  p.ia^^. 

0*, 

7 
7 

7 

L6*. 
1,411 

Lbt, 
366 

1, 302 
1.776 

2,4«r7 

ao3 

14ti 

a40 

lAa. 
in.'vaa 

LADLE  RBCORD. 


■  TMt  &r. 

T6SiUL 

T^t  W, 

TMtL34. 

L»dl«m. 

PotiiidB. 

tuna 

^ovmdi. 

Time 

tp.  m.). 

LiLdi^Hfi. 

I'oundi. 

TUei» 
(a.  iiLj. 

Pouttdi. 

Tirao 
(p.m.) 

I_* - 

2,._ 

34 

i3 
»l 

06 
IT 

7» 

m 

(L53 

iao4 

lUOU 

iao& 

mio 
iai2 

7fi 
30 
80 
44 

7S 
41 
73 
OS 
26 

€4A 

4.4ij 

1 
13....,,-* 

u 

IS 

10. 

17 

liXia 

i      miat 

laia 

ICLIA 

68 

n 
m 

107 
79 
31 
56 
£V 
88 

4S7 

i  , , 

4.. 

fr*  ...      -1 

t. 

159 

^, 

le ,„, 

4  Oft 

» --. 

to  .  .-^ 

'' ]*"" 

5.011 
5i  W 

30.....^^. 

}0 

21 

4  04 

M........ 

Kaiuirjb.^ — ^Test  WTi  Iran  cold, 

BEianETTING  TEST. 
Washington  No.  2  (lump). 

Teit  t£5. — Size  as  used:  Over  1  inch,  2.4  per  cent;  ^  inch  tc>  f  inch,  11  pet  cent; 
^  inch  to  j\  inch,  19.6  por  cent:  ^^  inch  t^  ^^  inch,  26.2  percent;  through  -fj^  inch, 
40.  S  per  cent.  Kind  <i/  in  mi  or,  watcr-gat*  pitch;  lalxiratory  No,  .^10  {c*ee  p.  40), 
Weight  of  fuel  briquetted,  12,000  pounds.  B.  t.  u.  per  pound  of  coal  as  received 
12,586;  per  pound  of  briquets  as  fired,  12,890;  per  pound  of  binder,  16,478. 

English  briquets,  average  weight  3.24  pounds,  prove??  that  5.5  per  cent  binder 
was  insufficient,  as  shown  by  general  lack  of  cohesion  at  edges  and  surfaces  of  whole 
briquets  and  of  fracture.  With  6  per  cent  binder,  briquets  were  still  crumbly,  but 
better  than  those  with  5.5  per  cent.  With  6.5  and  7  per  cent  binder,  briquets  were 
cohesive,  with  firm  edges  and  surfaces  hard  and  smooth.  In  the  drop  test  with  6  per 
cent  binder  the  1-inch  screen  held  87.4  per  cent  and  passed  12.6  per  cent.  In  the 
weathering  test  all  briquets  were  expose<l  214  days;  condition  of  those  with  5.5  per 
cent  binder  C,  of  the  others  B.  . 

Renfrow  briquets,  average  weight  0.4G  pound,  in  weathering  test  were  exposed 
214  days;  condition  of  those  with  G.5  per  rent  binder,  C;  of  those  with  7  and  7.5  per 
cent  binder,  B. 

For  analyses  of  briquets  seo  page  275  (steaming  tost  412). 

Extraction  anulyses.  • 


ntch. 


Fuel. 


Laboratory  No 

Air-d rying  low per  cent . 

Ext  meted  by  CSi: 

Air  dried do. . . 

Afl  received do... 

Pitcb  in  briquets  a«  received do. . . 


3098 
1.30 


1.26 
1.24 


Briquets, 
test  125. 


0.20 

6.90 
6.89 
7.19 


278  BEPOBT  U.  8.  FUEL-TB8TIKG  VLAJSTS,  IMNI-l. 

WEST  VIRGINIA. 
WEST  VIRGINIA  NO. .  1 1.« 

A  car  of  bone  coal  from  Pocahontas  bed  No.  3  at  Zenith  (Oam- 
pler  station),  Monroe  County,  on  the  Norfolk  and  Western  BiD* 
way,  was  designated  West  Virginia  No.  11  B.  This  sample  was 
shipped  under  the  supervision  of  John  W.  Oroves  and  used  in 
producer-gas  test  161. 

This  carload  was  picked  up  by  hand  beside  the  tipple,  ^diere  it 
had  accumulated  in  ridges  along  the  tracks  by  b^ng  thrown  away 
while  cleaning  and  loading  cars.  The  process  of  picking  up  the 
lumps  by  hand  naturally  eliminated  the  fine  coal  that  was  broken 
off  the  lumps,  making  a  smaller  per  cent  of  good  coal  than  would 
be  the  case  in  loading  from  a  bin. 

No  mine  samples  were  taken  at  the  time  of  shipment.  One  sample 
of  representative  bone  coal  was  carefully  cleaned  of  all  good  coal 
adhering  to  it  and  sent  in  for  chemical  analysis. 

CHEXICAL  AHALTSIS. 

West  Vurginia  No.  11  B  (bone  coal). 

Laboratory  No 4111 

AirHlrying  loss 60 

Koistare 1.0S 

Volatile  matter 9lOB 

Fixed  carbon 4147 

Ash 4S.4S 

Sulphur 30 

PB0DUCEB-6AS  TEST. 

WiSst  Virginia  No.  11  B  (bone  coal). 

Test  161. — Duration  of  tost,  00  hours.  Average  electrical  horsepower,  194.3.  Aver- 
age B.  t.  u.  per  vuh'u-  f(jot  uf  gas,  l'i4.0.     Total  coal  lirwl,  18,900  pounds. 


Coai  consumed  in  producer  per  hornejHiurer  hour  {j>oundj<). 

Per  dectrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


Coal  as 
fired. 

Dry  coal. 

Com- 
bustible. 

2.00 

L99 
1.94 

L12 
1.08 

L.70 
1.65 

LOO 
L64 

:S 

Analyses. 

Colli.  I  Qa*  by  volume. 

Moisture a47    Carbon  dioxide  (COj) 9l7 

Volatile  matter K83  I  Curljon  monoxide  (CO) iftS 

Fixed  carbon 46t9fi  I  Hydrogen  (Hj) 1&6 

Ash 43.74  I  Methane  (Cn^) L6 

Sulphur 27  I  Nitrogon(Ni) 52.6 

a  For  other  tests  of  coal  from  this  mine,  made  during  1004,  see  Bull.  U.  S.  Oeol.  Survey  No.  261, 190S, 
pp.  56, 83, 129;  Prof.  Paper  U.  8.  Oeol.  Survey  No.  48, 1906,  pp.  133, 259, 905, 1365. 


TEBTS WEST    VIRGINIA. 


WE8T  \"IRQIT>flA  NO,   Itt.o 
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Bitummous  luinp  coal  from  Monongah,  Marion  C-ounty,  tm  the  Bal- 
timore and  Ohio  Railroad,  was  designated  West  Virginia  No*  16  A. 
Coal  over  a  j-inch  scrreen^  loaded  under  the  supervision  of  J.  S.  Bur- 
rows, was  used  in  steaming  tests  304  and  305. 


CHEHICAL  ANALYSES . 
West  VirginmNcK  16  A. 

Stvamln 
BM. 

4.  If 

1.17 

1 

« 

MoUtOfti ..,-.. 

VoUtUe  matter. , ,  ,»,* ,  „ . , 

m.7i 

7.89 
LO0 

Ultimate: 

C«rHi>n ., 

4.M 

7L4» 

A.  41 
L22 

^JC*^  fftftw^ll^  J         iijiT-m- 

OjETErn                           .^      m.          i, 

LS7 

Aftb 

A.  44 

fiulpbQr.    . 

A.™  ;:::::::;:::::: 

S.4S 

Stilpiiur......... 

L17 

«  Fr^ovimate  tnnij^*  of  foebl  ai  Ar^^d:  ultlmute  analynU  ol  dry  fUH  flplivd  from  e*r  iainple. 

STEASIN0  TESTS. 

West  Virginia  Nn.  16  A  (lump). 


TwtiM. 

TfiHaOl 

00,  A 

33.9 

23.  B 

IVi« 

mi 

tt,o 

1«.5 

27.5 

fi.3 

5.S3 

Rockl^. 

13,9«4 

0.43 

D.4fi 

.14 

>W 

2,8G< 

3,  MS 

ao.«g 

10.37 

».S5 

a.  33 

l(».0 

0^.4 

S-l§ 

7.»e 

^.m 

O.tIO 

10.30 

10,20 

lL5rt 

11.^ 

7L5fl 

70.  H 

'2.m 

2.W 

i.Sii 

3.m 

2.74 

2.77 

:i.;ffii 

a  43 

81««!  a#  Oiedi 

Oi.'^'r  t  ii>ch. ....*,, .,,_ ,.,. ..,.w..„<i»ro*»t., 

I  Inch  lo  I  Inch , .,- ^ .  -^ - .- do..,.. 

I  loch  iti )  lHeh,,,,,,..,.„„ „„, „,. .,*»...,, ,.,,..**di) 

Under  1  Inch ^— ,.*.,-,.-,,,.._-.—„*.,.«.,,.,,. ^... ,....,<.. p.*... do 

DumtJon  of  teat, ...,*„.„*..,..,,.,....*,.,*,...., ,,,..*.^.,„,,t .,,.bOUra. . 

Kind  of  gnyito ,,,,,_.,.,.-,..... ^..., ..._. „ . 

HeAtln^  VAlue  of  eq«4,......_.^_^, ._,,_.  __.... ..B.  t-  il  par  pound  dry  coiiL. 

Force  of  diuft' 

Under  itofk  damper* ,  ,.*,„*,--,*,„„-.  ^  .„-._,-  _,.....-,.  ^. ... .  .inoh  wat*^r*  - 

AboTti  Are .„.. - _...- .,,. do...* 

Funuwe  tempeHitare.. „,.,._._ ,,„_..,....,, ^^. ,,,.., .*.,..."  F,- 

I^ry  coal  iti^m  per  squar?  foot  of  ^ratc  surface  per  hour ..pound*.. 

£i|UivAleiit  water  evaponLted  per  eqimre  Foot  of  waier-heatlns  lurface  per  hour, 

pounds. 

Pfinx-nu^tt  or  rated  horsepower  oJ  IjojJ^r  devrJopi'd ... ^._ ....... ^. ^- 

Wau?r  ap|uiiy>ntJ5'  evaporated  pc  r  pound  of  eoal  &a  fin«l popndw. . 

Water  evfl  pom  ten  from  ai>d  at  212*  P.: 

iVr  iM>ij[i)i^  of  coal  jfts  (In^d , , , . ., , . .  .do, . . . 

IVr  |K>arid  of  drvcotiJ., _^ ...... ^_ -^^^^.t- ..----.. do.... 

ivr  pound  of  combustlNe . ....,^, ,,,-.., ,,.  -- ,.,,_„.dni_,. 

EfBdiPijov  of  tioiler^  Indudltvg grata .^^.  ,^,^ ,,.... ,^ ^..^ . . . .per e^it. . 

Coal  &^  6t&\  ; 

Ppf  IndiCiitjM)  horst'powtr  hour ^ .  ■.  ^_ ^^ . . . .  ^  ^ .. ,^  ^.  ^ .....  ^ .  .pounds.  - 

fVr  iHrtTtrical  horac-power  hoil r . . — . ^ _ , . „ ,^ .,_ . . , * . , . ^_ , . _ . .do. , - . 

I>i-y  cml: 

VfT  Indleat^Ml  horsepi>wer  hoii r, . . ,  „ , ,.,..-*-.,...,,*-._.. -,.•..-. .do. . * . 

l>rHi<^trlcttl  tioTsr^ptiwiT  h(Hir.    ... .   — .do,... 


W  K8T   VIRGINIA   X<).    22. 

Bituminous  coal  from  a  bed  at  Ilernshaw,  Kanawha  County,  on  the 
Chesapeake  and  Ohio  Railway,  was  designated  ''West  Virginia 
No.  22."  This  coal  has  not  been  definitely  correlated  with  any  of  the 
well-known  coals  of  the  region.  As  mined  at  the  outcrop,  it  is  5  feet 
9J  inches  in  average  thickness. 

Two  samples  were  shipped  under  the  supervision  of  John  W. 
Groves.     West  Virginia  No.  22  A  consisted  of  screenings  through  a 


a  For  other  tests  of  this  coal,  iimde  during  Jy05,  set?  Bull.  U.  S.  Geol.  Survey  No.  'IWi,  \Wfe,^.*»3ft. 
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l^-inch  screen,  and  was  used  in  steaming  tests  446|  447,  and  (washed 
coal)  454,  and  in  washing  test  186.    West  Viiginia  No..  22  B  oon- 
.  sisted  of  run-of-mine  coal,  and  was  used  in  steaming  test  438. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3450 
was  taken  400  feet  east  of  the  opeliing,  where  the  coal  measured  6feet 
6^  inches  in  thickness.  Sample  3457  was  taken  1,200  feet  east  of  the 
opening,  where  the  coal  measured  4  feet  3  inches  in  thickness. 

OHZMZGAL  AXALTBBS. 
West  YirginiA  No.  22. 


• 
Jf  Ino  namplon 

Car 
■ample. 

BtmnOMmtMU^ 

A. 

B. 

446. 

447. 

454. 

4B. 

lAborfttorv  No .  - ,  -         .... 

3406 

ago 

2.75 
3fi.« 
66.27 

ft.« 
.63 

3457 
l.fiO 

3.49 
83.67 
66.40 

6.44 
.68 

3905 
2.00 

3.42 
33.49 
56.27 

7.82 
.83 

5.27 
74.49 

1.20 
10.30 

Aii^idrviiur  lona 

Proximate: 

Motet  UN 

5.44 

28.31 

51.64 

13.61 

.05 

4.72 
72.a 

L15 

6.72 
14.80. 

LOO 

5.65 

^n 

13.47 
1.01 

4.72 

72.03 

1.15 

14.2tf 
LIO 

5.24 

33.97 

5100 

6l10 

.00 

5L17 
78.82 
L26 
7.36 
6w44 
.05 

3S 

'  Votettto  matter 

»• 

Fixed  carbon 

Sir 

Aih 

SoliOiur 

'i 

Ultimate: 

ill 

Carbon .... 

77.lt 

NItroffen 

111 

Oxvsen .     ... 

7.71 

aStI^"::::::::::::::::::':::::::::: 

tn 

Sulphur ' --- 

M 

Caloriflc  value  deter-jfcalories. . 
miiied(a8  received) \B.  t.  u. . . 

7,674 
13,813 

7,074 
13,813 

7,402 
13,486 

. 

_ 

a  Proximate  analysis  of  fuel  as  ftred;  ultimate  analysis  of  dry  fuel  figured  from  oar  aampls. 

STEAXINO   TESTS. 

West  Virginia  No.  22. 


Size  as  used: 

Over  1  Inch per  cent . . 

I  inch  to  1  inch do 

J  Inch  to  i  inch do 

Under  \  inch do 

Average  diameter Inches. . 

Duration  of  test hours. . 

Heat inff  value  of  coal IJ.  t.  u.  per  pound  dry  coal.. 

Force  of  draft: 

Under  stack  damper inch  water. . 

Alwve  fire do 

Furnace  temperature ®F. . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour, 
pounds 

Equivalent  water  evaporated  per  square  foot  of  water-heat mg 
surface  per  hour pounds. . 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired, 

W pounds 
ater  evaporated  from  and  at  212**  F.: 

Per  pound  of  coal  as  fired pounds. . 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Efficiency  of  l>oiler,  including  grate per  cent . . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  Indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


A. 


Test  446.   Test  447. 


9.7 
17.8 
21.5 
51.0 
0.48 
10.22 
12,838 

0.81 

.17 

2,616 

ia94 

3.08 
86.4 

6.58 

7.71 
8.16 
10.00 
61.38 

3.67 
4.53 

3.47 
4.28 


5.6 
15.8 
20.8 
57.8 
0.41 
0.68 
12,843 

0.81 

.10 

2,801 

20.22 

3.54 
00.1 

7.06 

8.28 
8.76 
10.61 
65.87 

a42 
4.22 

3.23 
3.09 


Test  454 
(w.). 


15.2 
26.8 
21.7 
36.3 
a  61 


14,152 

a75 

.16 

2,793 

20l00 

3.03 
lia3 

7.42 

8.00 
0.30 
ia33 
64.08 

3.18 
3.02 

3.01 
3.72 


Test  438. 


5^6 

aao 
lao 

16.4 

1.27 

ft55 

13,« 


21.W 

iSO 
U7.I 

7.» 

9.W 
9.S7 

ia« 

66.19 

^2 

3.78 

2.16 
3.«& 


^^^^^^H                      TESTS — WEST   VTRGIKIA, 

mi 

^^^^^^B                                   WA&1LIJ46 

West  Virginia  Ho.  22  A  (nut  und  Block). 

Tsrt  Jte.— Jig  iised.   Stewart.     Raw  ttial,   38,260  pounds.    Waalied  ctml.   32,250 
nind^;  S4  per  cent.     Rehire,  6,000  jMmndfl;  Ifi  per  cent. 

[i  Arialyafs. 


lUw 


MMMIm. ...-...,......■!. ,-........,... ,.., , 4S0 

StnenuHter ,., ..,-.,.- J  ^3& 

ised  <»fboii-.i-.--.,..^^P.^.« ......,.,..„ _^ .,_^.. ,1 ._J  63L23 

ft .„...,..„....-,.. ,.,.,--.., ,,,..„.._ ,.„,„.,.,,..  J  0.90 

.-,,,*.,..„»-,^_.-.,^.,... ..,-.J  1.01 


WjUbfld 


7.06 
53.84 


Bituniinous  coal  frum  tlie  Cedar  Grove  bed,  one-^foiirth  niil© 
Airtboast  of  Monarcli,  Kanawha  County^  on  the  Kanawlia  and 
tic  hi  gan  R  ail  n » ad  *  wa.s  d  esi  ^  ate  <  I  W  es  t  V  i  rg^a  N  o ,  '>3  *  Th  e  e  o  al , 
fi  workexl  from  the  outcmp  at  this  place,  averages  3  feet  U  inches 
n  thickness. 

Two  sampler  were  shipped  under  the  supervision  of  John  W, 
Iroves.  We^t  Virginia  No.  23  A  consisted  of  run-of-mine  coal  and 
ras  used  in  steaming  tests  439  and  440.  We^t  Virginia  No,  23  B 
©nsisted  of  slack  through  a  H-inch  screen,  and  was  used  in  steaming 
tet£  444  (w^ashed)  and  445  and  washing  test  180. 

Tij^'o  mine  samples  were  taken  for  chemical  analysts.  Sample  3458 
vbs  taken  1^500  feet  north  of  the  nprriing,  where  the  coal  measured 
'  feet  IJ-inches  in  thickness.  Sample  3459  was  taken  1,500  feet 
torthwest  of  the  opening,  where  the  coal  measured  3  feet  2  inches  in 
hickness. 

CHEMICAL  ANALYSES. 

We«t  Virginia  No.  23. 


Mine  samples,  j 

345M         :M59  ! 
1.40         2..'iO 

3. 13         4. 17  1 
:i.j.51        35.30 
57.82       54.17  j 

3..')4         0..30  \ 
.59          1.24  1 

, 1 

::::::::  ::;::;:! 

' 1 

Carsa 
A. 

39(i.5 
.(0 

2.05 

34.  71 

•>'•).  14 

8.10 

LSo 

5.08 

75. 50 

1.18 

8.73 

inples. 
B. 

34.25 
1.70 

3.25 

34. 01 

54. 50 

7.58 

1.22 

5.23 

75.27 

1.43 

9.27 

Steaming  tests.a 

A. 

B. 

--. 

439.         440. 

444. 

445. 

^boratorv  No 

1               j 

^i^xiSjf/"" 

Molrture 

Volatile  matter 

Fixed  carbon 

Aah 

,.   Sulphur .- 

Ultimate: 

Hydrogen 

Carbon 

Nitrogen 

2sr::::::::::::: 

1 

2.05 

34.71 

.5.5. 14 

8.10 

1.35 

4.95 

77.14 

1.21 

7.a5 

8.27 
1.38 

2.01 

34.15 

53.9ti 

9.28 

1.52 

4.88 
75.91 
1.18 
6.94 
9.53 
1.56 

4.06 
35.70 
55.44 

4.80 
.% 

5.20 
80.44 
1.53 
6.84 
5.00 
.99 

2.44 
33.30 
53. 67 
10.59 

1.40 

4.86 
75.06 
1.42 
6.38 
10.85 

Sulphur --          

1.43 

4Uorific  value  determined  ifcalorit^s . . 

",757  1 

13,9<»3    

7, 015 
13, 707 

7,5i3 

13.523 

«  Proximate  analysis  of  fuel  as  fired  •  ultimate  analysis  of  dry  fuel  figured  from  car  sample. 
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STEAKIKO  TESTS. 

West  Virginia  No.  23. 


B. 


Test  430.    Test  440.  j  '^^  ^  !  Tert  4« 


Size  as  used: 

Over  1  inch p«^r  cent. . 

I  inch  to  1  inch do 

I  inch  to  i  inch do 

Under  i  inch do 

Average  diameter inches. . 

Duration  of  test hours. . 

Heating  value  of  coal H.  t.  u.  jkt  pound  dry  coal. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire do 

Furnace  tt»mp«»raturt'< °  F. . 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour,  pounds 

Equivalent  water  evaporated  per  square  foot  of  waU<r-heat- 
ing  surface  per  hour pounds. . 

Percentage  of  rated  horsepower  of  l>oiler  developed 

Water  apparently  evaporated  per  pound  of  coal  as  fired, 

W[>ounds 
ater  evaporated  from  and  at  212**  F.: 

l*er  pound  of  coal  as  firod x>o^iiids-  • 

Per  pound  of  dry  coal do 

Per  pound  of  combustible do 

Efllciency  of  boiler,  including  grate per  cent. . 

Coal  as  fired: 

Per  indicated  hors«>power  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  coal: 

Per  indicated  horsepower  hour do 

Per  electrical  horsopower  hour do 


WASHING  TEST. 

West  Virginia  N(».  2S  B  (nut  and  slack). 


56.3 

32.9 

12.1 

21.9 

2ao 

2a2 

12.0. 

15.4 

24.6 

9.8 

3L7 

40.1 

1.31 

.87 

.56 

9.95 

9.83 

iao5 

13,995 

13,781 

14,483 

a77 

a76 

a78 

.12 

.12 

.10 

2,657 

2,572 

2,536 

19.96 

18.82 

17.51 

a56 

a  41 

a  14 

99.7 

95.6 

88.0 

7.49 

7.63 

7.37 

a73 

a84 

8.61 

&92 

9.06 

8.96 

ia20 

ia49 

9.92 

01.55 

6a62 

59.88 

3.24 

a2o 

a28 

4.00 

a96 

4.05 

a  17 

an 

a  15 

a  91 

a84 

a80 

21.6 
16l6 

.w 
moo 
13,  «g 

a77 

.13 
2.638 
19.11 

142 
95.9 

7.C 

8.75 

&«: 
laes 

64.17 

a23 
a» 

a  15 
a80 


Test  JSO.—Ji^  uy(Ml,  Stcnvari.  Raw  coal,  3(),0()0  jiounds.  Washed  coal,  33,980 
pounds;  04  per  cent.  Refuse,  2.020  pounds;  <>  jx^r  cent.  Analyses:  For  anah'ses  of 
the  fuel  used  see  pa^e2Sl  (sanij)le  3(>25).  Analysisof  the  washed  coal:  Moisture,  4.24; 
ash,  4.87;  sulphur,  0.93. 

AVKST  YIlMilNIA  XO.  24. 


A  sample  of  hone  coal  from  the  Pocahontas  bed  No.  3  at  Gan'. 
^fcDowell  County,  on  the  Norfolk  and  Western  Railway,  was  des- 
it;nat(Hl  West  Yiritrnia  No.  24.  This  sample  was  shipped  under  the 
sup(Tvi.sion  of  A.  K.  Adams  and  was  used  in  produeer-gas  t^est  162. 

PRODUCER-GAS  TEST. 

West  Virginia  No.  24  (l>one  coal*. 

Test  1(U.-  -Duration  of  test,  .')0  houi*s.  Average  electrical  horse])ower.  148.8.  Av«'r- 
age  B.  t.  u.  per  cubic  foot  of  gas,  1()().3.     Total  coal  lired,  11.0(K)  |5ounds. 


Coal  as 
fiml. 


coal. 


C<xil  consumed  in  jiroducer  iter  horse jtourr  hour  ( poundx 

Per  electrical  liorsepower: 

Conimorcially  available 

Developed  at  switchboard 

Per  brake  horsepower: 

Cominercially  a vailal>le 

Developed  at  engine 


1.55 

1.51 

1.48 

1.44 

1.32 

1.28 

1.26 

1.22 

Conibus- 
libk- 


i.o: 

1.02 


TESTS — WEST  \lilGlHIA. 


Ajtahjiim. 


368 


OiOl. 


3.^1 
11.81 
57.19 
28.08 


Gm  hjr  r&tumt. 


CflTtwn  dJojTldft  (0Ot>. 1X4 

Carbon  uiouojElde  ^C-Ol  ,,.*._„_, ,^  *  14^0 

Hydrogen  (Hi) ....._-„-...„ 13.B 

MLaliune  (CH,).,...,,„.,,..„ L2 

Nitrogtui  (Ni>,.^. _ 5a. e 


WEST  VIBOrP^TA  HO,  SS5, 

minous  coal  from  the  Black  Baud  bed,  8  miles  southeast  of 
4ton,  Kanawha  County ^  on  the  Chesapeake  and  (Jhin  Railway, 
siD^iat^id  West  Virf^nia  No.  25.  The  coal,  as  worked  from  the 
[1  at  thi»  plac-e,  averages  2  feet  9  J  inches  in  thickness. 

sample,  shipped  under  the  supemsiou  of  Jolui  W,  Groves, 
ed  of  lump  coal  over  a  1  ^-inch  screen,  and  was  used  in  pro<lucer- 
t  1-56  and  coking  test  175. 

mine  samples  were  taken  for  chemical  analysis.     Sample  4290 
ken  1,300  feet  south  of  the  opening,  where  the  coal  measured 
^i  inches  in  thickness.     Sample  4291  was  taken  800  feet  west, 
opening,  where  th^  coal  measured  2  feet  1 1  inches  in  thickness. 

CHEMICAL  ANALYSES. 
West  Virginia  No.  25.  . 


ry  No. 
{losa., 


jre 

le  matter., 
carbon 


Mine  samples. 

Car 
sample. 

4290 

4291 

4360 

1.80 

2. 10 

2.30 

3.46 

3.91 

4.21 

34.55 

34.  SJ 

35.  41 

53.79 

54.48 

S3. 16  i 

8.20 

G.78 

7.22  1 

.58 

.64 

.04 

Cat 
Mine  samples,   ^^pj^ 


Ultimate: 
Hydrogen 
Carbon... 
Nitrogen. 
Oxygen... 
Calorific    value)     ,, 
determ'—-^^^*^"^* 
(as  recei 


^^«,^"«lcalories 
eivcKJ).)"-^-^^- 


7,484 
13, 471 


5.16 
72.89 

1.40 
12.69 

7,433 
13,379 


PEODUCER-GAS  TEST. 

Wej^t  Virginia  No.  25  (luiiip). 

W. — Duration  of  test,  50  hours.    Average  elertrical  horsepower,  199.2.    Average 
>er  cubic  f(K)t  of  ga,s.  171 .('».     Total  coal  lired,  13,()00  pounds. 


'n^ir  !i>^>--"- 


nl  consumed  in  proilurrr  ]u  r  horsfpuirt  r  hour  i  ptnuuf 

ical  horsepower: 

lercially  available 

[>pod  at  switchboani 

norsepower: 

lercially  available 

oped  at  engine 

Equivalent  used  hy  prodrm  r  jtlunt  i itouwls). 

ical  horsepower: 

lercially  available 

opod  at  Bwitchlward 

norsepower: 

lercially  available 

oped  at  engine 


Com- 
Inistible. 


1.3.5 

i.;ii 

1.30 
1.20 

1.19 
1.15 

i.i.'i 
i.ii 

1.11 
1.07 

1.01 
.98 

1.42 
1.37 

1.37 
1.32 

1.25 
1.21 

1.21 
1.17 

1.16 
1.12 

1.06 
1.03 
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Analyses. 


CoaL 


Moteture 3. 83 

VoUtile  matter 34. 34 

Fixed  carbon 53. 61 

Aah 8.22 

Sulphur .62 


Chu  by  volume. 


Carbon  dioxide  (COt) 7.9 

Carbon  monoxide  (CO) 214 

Hydrogen  (Hi) 17.1 

Methane  (CHO 2.1 

Nitrogen  (N|) 49.1 

Ethylene  (CsH<) 4 


COKINO  TEST. 

West  Virginia  No.  25  (lump). 

•  Test  175. — Size  as  iised:  Raw,  finely  crushed.  Duration  of  test,  43  houn.  Coal 
charged,  11,340  pounds.  Coke  produced,  6,920  pounds,  61.02  percent.  Breeze  pro- 
duced, 381  pounds,  3.36  per  cent.  Total  yield,  64.38  per  cent.  Good  strong  coke; 
gray  color  with  a  little  silvery  deposit  of  carbon. 

Analyses. 


Coal. 


Coke, 


Moisture 4. 56 

Volatile  matter 34. 38 

Fixed  carbon 53. 39 

Ash  .* .- I  7 .  67 

•  Sulphur I  .61 


O.30 

.49 

86.71 

12.50 

.47 


WYOMING. 

WYOMING  NO.  4. 

Bituminous  coal  from  Hanna,  Carbon  County,  on  the  Union 
Pacific  Railroad,  was  designated  Wyoming  No.  4.  The  coal,  as 
worked  at  a  depth  of  387  feet  at  this  place,  averages  35  feet  in  thick- 
ness. 

This  sample,  consisting  of  run-of-mine  coal  shipped  under  the 
supervision  of  John  W.  Groves,  was  used  in  steaming  test  399  and 
producer-gas  test  123. 

Four  mine  samples  were  taken  for  analysis.  Sample  3160  was 
taken  1,900  feet  south  of  the  slope.  Sample  3161  was  taken  2,000 
feet  south  of  the  slope.  Sample  3162  was  taken  1,700  feet  south  of 
the  slope.  Sample  3163  was  taken  immediately  above  the  point 
where  sample  3162  was  taken.  The  two  benches  combined  measured 
35  feet. 

CHEMICAL  ANALYSES. 


Laboratory  No 

Air-drying  loss 

Proximate: 

Moisture 

Volatile  mat  tor. 

Fixed  carbon... 

Ash 

Sulphur 


w 

yenning  No.  4. 

Mine  samples. 

31(11             31  (i2 
4.10             4.00 

12.0<i            11.49 
40. 3<i           40. 3.S 
43.10           42.24 
3.88  1           5.89  ; 
.21  1             .44  1 

3ir>3 

3.50 

11.73 
41.30 
41.40 
5. 57 
.'29 

Caraa 

63363 
2.30 

11.30 
40.32 
41.07 
7.31 
.28 

tmples. 

Stemm- 
ing test 

31«iO  1 
A. HO  ' 

e3396 
3.90 

12.40 

39.75 

41.08 

6.77 

.26 

12.32 
40.  HO 
41.09 
T).  19 
.23, 

12.40 
30.75 
41.08 
6.77 

o  Proximate  analysis  of  fuel  as  flrod;  ultimate  analysis  of  dry  fuel  figured  from  car  8am|>t». 
6  Sample  from  producer-gjia  test  123  treated  as  ear  sample, 
c  Sample  from  steaming  test  399  trcaU'd  as  car  sample. 


Sulphur. 

Calculated  frcrm 
jil9 


STEAJEOG  TEST, 
Wyamiiig  Nu.  4  (run  of  minis) « 


L —^ 

|u«u  Died: 

0^«rl  A]«ii , .,.....,....,...,.,, ,^...._ _, i-...,..jiriwit. 

1  lodi  to  1  iraeih  ., ,-„ ,,......-_...^,.^....,— ^--...^*-,...*..,-,.d*,., 

Ilndi  to  I  inc^ .-.-....,..„.„........„„,*.„„„.„,.-„.. do*,. 

i     under  itooh.. ,»,,***. *-.,„.„._, *,.,„ ...do... 

pifttticin  of  teit.- ,,...-....... *....,............._ .....,hour», 

HiatliW Tr*Ji» of ooaj... ..»,...._.„. „_,,.„„ ,.„„,.B*  t.  u.p^rpoiiiid  dnrooAl. 

WQr&i  of  draft: 

fader  stfi^kdftmiWT. ,...,, ,,...„ Itidi  WAtw. 

Abor**Ilre . ,.. ._..... ,_..do,„ 

ItaciiaoetiiifliFentiirf .., ...,.„ ...\ ,.....„. „,...  .«F. 

PTOmliued  p«r«ciuar(^  foot  of  griit?  jurfac^ per  hour  ....................... .pounds. 

ii|alYileet  wmter  eY«poTiftt«|  per  aqimiv  loot  of  wntcY-be^tlng  lurfAco  pc>r  hour>,.pQiuidi. 
moenta^  of  rattd  hors^poww  nf  botli^r  drve'rowwi 
Vlr»tn' Apparently  t'vajioriiii-^l  t>er  pouud  of  cual  wa 
Water  evapotfttwl  froni  wid  at  :^ia^  P.: 

PpT  poiind  (it  coal  OB  fired „.,..., ^..,..., ,„,, „„,.., ,,,.,,*, ...,,dlo*,,, 

I       Per  pouml  of  dry  poal ,. .,,,. - .do...^ 

Pit  pound  of  ooDibofltlljiJc^^, ^ . ,,. . ^_ . . . .__._,. . . ..^ .. ^_ . ^., . . ___ ,, .do 

fcHtofDcv  of  boilrr,  iiipluditig  prBte „ , ,, „ -.,,.....,,, |»«r mat. , 

^0.]  tk»  flrod: 

Pit  iijd.lcBtc<;l  horuppowcr  hour  ..,, ,„,, „ *,,. pounds* « 

IVr  dectrlcii]  hor*epowra-bour.. ...... <*^.^..do...^ 

Dry  OOBrh 

PpTlndJcuted  horsepowLTh&iir  .*»... :. .Hi,,„„dO,.,* 

Per  eJcctrkAl  horacpower  bonr „ , , „ .,„..,,, *do 


Toil  ^9. 


I  ftrod 


.pOOOdA, 


29.1 
ISlB 

mi 

12,222 

O.UO 

26,26 
M.^ 
3.40 

5.32 

ft.  22 
7.10 
8.  IS 

56.10 

4.A9 

4.02 


PRODUCEB-OAS  TEST. 

Wyoming  Xo.  4  (run  of  mine). 
Test  US. — Duration  of  test,  50  liours.     Average  electrical  horsepower,  195.5.    Aver- 
ige  B.  t.  u.  per  eubic  fcK)t  of  ga^,  151. 0.     Total  coal  lired,  20,200  pounds. 


Coal  as 
nnvl. 


Coal  cojuumed  in  producrr  per  horscpou tr  hour  ij}Ounds 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchboard 

Per  brake  noraepower: 

Commercially  available 

Developed  at  engine 

Equivalait  used  fey  producer  plant  {pounds}. 

Per  electrical  horsepower: 

Commercially  available 

Developed  at  switchlward 

Per  brake  horsepower: 

Commercially  available 

Developed  at  engine 


r»....«^  .1     Coinbiis- 
Dr>coal.      ^j^^j^ 


1.95 
1.83 


1.66 
1.56 


2.11 
1.99 


1.80 
1.60 


1.79 
1.68 


1.52 
1.43 


1.94 
1.83 


1.65 
1.56 


286  BEPOBT   U.  S.  FUEL-TESTING   PLANT,  1906-7. 

Analysis  of  gas  by  volume,  a 

Carbon  dioxide  (COs) 12L2 

Carbon  monoxide  (CC) Id.  4 

Hydrogen  (Ht) ISil 

Methane  (CH4) 2L7 

Nitrogen (NjV. 53.2 

EthytoJe(0«H«) 4 

WYOMIXG  XO.  5. 

Bituminous  coal  from  Rock  Springs,  Sweetwater  Coimtj^,  on  the 
Union  Pacific  Railroad,  was  designated  Wyoming  No.  5.  The  coal, 
as  worked  at  a  depth  of  493  feet  at  this  place,  averages  7  feet  6  inches 
in  thickness. 

The  sample,  consisting  of  run-of-mine  coal,  shipped  under  the 
inspection  of  John  W.  Groves,  was  used  in  producer-gas  test  114  and 
coking  test  132. 

Two  mine  samples  were  taken  for  chemical  analysis.  Sample  3164 
was  taken  5,200  feet  north  of  the  slope,  where  the  coal  measured 
7  feet  6  inches  in  thickness.  Sample  3165  was  taken  7,000  feet 
north  of  the  slope,  where  the  coal  measured  7  feet  2  inches  in  thickness. 

CHEMICAL  ANALYSES. 
Wyoming  No.  5. 


Mine  samples.     ,  g^^ 

Latwratory  No 3164  I         3165  3213 

Air-dryiiig  loHs 4.00}  4.40  aOO 

MolMture 12.41  I 

Volatilo  Tnatt«r 36.57  i 

Fixod  carbon 48. 50  i 

Ash 2.52  I 

Sulphur .80 

Ultiniat<«: 

Hydrogen 5.72 

Carbon 6fl.0S 

Nit  rogt'n 1. 43 

Oxygen 22. 35 

Calorific  value,  Cas  ncv-iviMl ) : 


13.10 

11.64 

34.97  1 

35.37 

4S.59  ' 

48.58 

3.34 

3.41 

1.04 

.M 

Dotertniiu'd. 


|ejilori<'s . .         r.,  ♦V22    tn  53S 

IB.  t.  u...        1!.<»20    1U76S 


CalculaU»d  from  iiltiniat(«  analysis lo.^tM? n.443 

PRODUCEE-GAS   TEST. 

^Vy()llling  X(».  5  (run  oi  mine). 

Tt'stllf.-   Duration  t*!  t<'Pl,  50  lioui-s.     Averugcolcctrical  hor8C'{K>wer,  194.5.     Avrr- 
ag(»  H.  I.  u.  per  ciiliic  loot  of  ga.s.  KiS.     Total  coal  lircd,  lojiOO  poun<ls. 

Coal  as     D-vooHi    <^'on»l>U5- 

C(ml  coiifivmrd  /;»  ftroducer  prr  hormepowrr  hour  {/toumis'.  j  I  , 

Per  elect  deal  horsepower:                                                                                        i  ' 

Coniinerciallv  available |  1.72  .  1.52  !  1.* 

Dev.'loped  at  swilehlmanl I  1.60  |  1.42  l-» 

Per  brake  horsepowj-r:  | 

Coninieroiallv  availal)le '  1.46  :  1.29  |  1  i4 

Develoix'd  at  engine 1.36  !  1.21  ;  l.Hi 

<i  For  anaiyhis  of  fuel  used  sei*  p.  2S4  (sanipie  33t»3>. 


XESTS WYOMING. 


S87 


Analyjfea. 


C^. 


.  30.37 
3.70 


L 


Oaffiyttflllinu. 


CmrtMjn  iJiosMf*  (CCW.., 
Corlion  inonoilde  (GO). 
nyfJrogtn  i  Ujk  .  -  _ .  ^ . , ^ 

Mclbitjw  (C»4j ,.„ 

^TUrofitiQ  {NiK *-- 


mi 

lai 
if 


GOKINa  TEST. 


Wyoming  No.  5  (run  of  mine). 


t?.— 8!s^  jw  tiaed:  Eaw^  finely  cniehed.  DiimiifJii  i*(  te*?t*  39  UnutK.  (Vial 
S^OtM}  [Hdindft.  Oike  prxxtured^  none.  AnalysLs  i4  oiial:  Moiature,  il.OSj 
natter,  34.53;  fixed  rmrUm,  dO<5f  iush,  3.88;  esulphurt  O.H4« 

ituniinous  cual  3  miles  west  of  Kenimerer,  Uinta  C^ountyj  2 
roni  the  l^nion  Pacific  Kailruad,  was  desi^ated  Wyoming 

^mpl«^,  consistinj^  of  nin-of-mine  coal,  loadt^d  under  the  supers 
[jf  Jolm  W.  OruveSj  was  used  in  steaming,'  tests  400  and  {on 
s)  419,  prodiicer-gas  test  124^  and  briciiietting  tc;st  134, 
mine  samples  were  taken  for  chemical  anal^^sis.  Sample  3202 
ten  150  feet  north  of  the  opening.  Sample  3203  was  taken 
t  north  of  the  drift  opening.  These  two  samples  combined 
Qt  a  thickness  of  23  feet.  The  total  thickness  of  the  bed 
in  this  mine  is  83  feet ;  consequently  these  two  samples  repre- 
ly  a  part  of  the  entire  bed. 

CHEMICAL  ANALYSES.  f 

Wyoming  No.  6. 


ySo. 
loss. 


re 

e  matter 

»rbon 


Mint'  saiiiplt'j 


:C02 
10.20 

20.  .-iT 

;iH.  :n 

•K).  49  1 

2.  6.i  i 

.ol   1 


:?2o;{ 
10.  m 

20.88 

40.65 

2.56 

.54 


Car 
sjimple. 


1 


due  (as  received): 
lined 


,ted  from  ultimate  analys 


fcftiorios. 
•■|H.  t.  11.. 

|calori«^s. 
•|B.  t.  u.. 


5,fKS7 
10,2.17 


SU»amini?  te8ts.a 
400. 


:«90 
li.:« 

19.00 
;{6.64 

41.24 
•.i.  12 
.49 

6.41 

59. :« 

.98 

29.62 


I 
5,726  , 

10,307 
5,74.1 

10,,Ti7  I 


419. 


18.44 

15.57 

36.  :i5 

:».  74 

40.68 

42.87 

4.5;i 

2.82 

.57 

.50 

5.21 

4.99 

71.93 

74.50 

1.19 

1.03 

15.42 

15.35 

5.  .55 

3.34 

.70 

.70 

tximate  analysis  of  fuel  us  fired;  ultiniute  analysLs  of  dry  fuel  figured  from  car  sample. 
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REPORT   U.  S.  FUEL-TESTING   PLANT,  190^7: 


STEAXINO  TESTS. 

Wyoming  No.  6  (run  of  mine.) 


Test  40a  I  Test  4191 ' 


Size  as  used: 

Over  1  inch per  cent. . 

i  inch  to  1  inch do — 

I  to  i  inch do — 

Under  J  inch do — 

Duration  of  test hours. . 

Heating  value  of  fuel B.  t.  u.  per  pound  dry  fuel. . 

Force  of  draft: 

Under  stack  damper inch  water. . 

Above  fire • do — 

Furnace  temperature **F. . 

Dry  fuel  used  per  square  foot  of  grate  surface  per  hour pounds. . 

Equivalent  water  evaporated  i>er  square   foot  of   water-heating  surface  per 
hour pounds. , 

Percentage  of  rated  horsepower  of  boiler  developed 

Water  apparently  evaporated  per  pound  of  fuel  as  fired pounds. , 

Water  evaporated  from  and  at  212*  F. : 

Per  pound  of  fuel  as  fired do 

Per  pound  of  dry  fuel do — 

Perpound  of  combustible do 

Effidencv  of  Iwiler,  including  grate per  cent. . 

Fuel  as  fired: 

Per  indicated  horsepower  hour pounds. . 

Per  electrical  horsepower  hour do 

Dry  fuel: 

Per  indicated  horsepower  hour do 

Per  electrical  horsepower  hour do 


13.3,1 
35.8  J 


iao2 

12,488 

9  45 
13,021 

a62 

.83 

2,465 

24.41 

a56 
.24 

14.06 

3.32 
93.1 
4.76 

l.» 
55.7 
5wl3 

5.56 

6.82 

7.92 

52.74 

5.97 

7.07 

&44 

52.43 

5.06 

6.28 

kU 

4.15 
5.12 

4.0) 

Remarks. — Test  419  on  Vmquets,  which  in  burning  gave  a  shower  of  sparks  instead  of  a 
flame.  For  the  first  five  hours  too  thick  a  fire  was  carried.  With  a  5-inch  fire  during 
the  second  five  hours  the  briquets  burned  far  better.  No  smoke.  •  Briquets  held  U>- 
gether  for  about  seven  minutes,  burning  very  slowly,  and  then  crumbled.  No  clinker; 
ash  feU  through  grate  freely. 

PBODUCEB-OAS  TEST. 

Wyoming  No.  6  (run  of  mine\ 

Test  U[. — Dunitioii  of  tej^l,  50  hours.  Average  electrical  horsepower,  200.  Aver- 
age B.  t.  u.  per  ('ul)ic  fo(»t  of  ga.s,  171.8.     Total  coal  fired,  21,900  ]M)unds. 


Coal  MS 
finvl. 


Dry 
coal. 


Coiiibup- 
tiblf. 


('o<il  consumtd  in  product  r  pt  r  horsfpourr  hour  (poumisy 

IN'rolorlricai  horsopowor: 

CommorolHlly  availaMc 

Dovolopod  at  switchboanl 

Per  brako  horsepower: 

Coniniprciaiiy  available 

Devolopt'd  at  engine 

Equivalent  used  hii  product  r  plant  (pounds  . 

Peroleclricfli  horsepower: 

Conimercinlly  available 

Developed  at  switehboanl 

Per  brake  horsepower: 

Comniereially  availablr 

Develofx-d  at  engine 


•2. 32 
•J.  19  1 


1.97 
1.86 


2.52  I 
2.38  I 


2.14 

2.02  ; 


1.90 
1.79 


l.«il 
1.52 


2.06 
1.04 


1.75 
1.65 


1.S3 
1.73 


1.50 
1.47 


1.88 


[fidh/ses. 


Coal. 


Moisliire 18. 26 

Volatile  matter .'{7. 18 

Fixed  carbon 41. 82 

Ash - 2.74 

Sulphu  r 47 


Gas  by  volume. 


Carbon  dio.xido  (COji 12.1 

Carbon  monoxide  (CO) 1^7 

Ilvdrogen  (Hi) ., 19.3 

Methane  (CTli) 3.0 

Nitrogen  (Ni) 46.5 

Ethylene  (CiH«) 4 


TESTS — MISCELULNEOUS, 
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BBIQUKTTJLNO  TEST. 
Wyoming  No.  6  (run  of  mine). 

Teti  1S4' — Sise  as  used:  Over  \  inch,  2.4  per  cent;  ^  inch  to  \  inch,  9.2  per  cent; 
^  inch  to  -^  inch,  22.2  per  cent;  ^  inch  to  i^  inch,  26  per  cent;  through  ^  inch,  40.2 
percent.  Kindof  binder,  water-gas  pitch;  laboratory  No.  3486  (see p.  40).  Weight 
of  fuel  briquetted,  24,000  pounds.  B.  t.  u.  per  pound  of  fuel  as  received,  10,106;  per 
pound  of  briquets  as  fixed,  10,994;  per  pound  of  binder,  16,407. 

English  briquets  made  at  179^  f^.,  average  weight  3.18  pounds,  with  5,  6,  7,  8,  and  10 
per  cent  of  binder,  would  not  cohere;  all  the  briquets  could  be  crushed  in  the  hand. 
In  the  weathering  test  they  were  exposed  180  days;  condition  of  those  with  5  and  6 
per  cent  binder,  D;  of  those  with  7  and  8  per  cent  binder,  E. 

Drop  test. 


PeioenUflB  of  binder. 
Held  by  l-ixich  acnen 
Passed  l-inch  aoieen.. 


5 
35.4 
64.6 


6 
61.3 
3a7 


8 
7« 
21 


Benirow  briquets  made  at  149**  F.,  average  weight  0.42  pound,  with  7,  8,  and  10  per 
cent  binder,  were  not  improved  by  increase  in  percentage  of  pitch;  all  briquets  were 
bad  and  could  be  crushed  in  the  hand.  Weathering  test,  exposed  180  days,  condi- 
tion E.    For  anatyses  of  briquets  see  page  287  (steaming  test  419). 

Extracivm  analyses. 


Pitch. 


Fuel. 


Briquets, 
test  134. 


Laboratory  No 

Air-drying  loss 

EztractedrbyCSi: 

Air-dried 

As  received 

Pitch  in  briquets,  as  received . 


.percent. 


-do., 
.do., 
.do.. 


3486 


85.57 


3390 
11.30 


.94 


4.90 

6.12 
6.82 
6.13 


MISCELLANEOUS  TESTS. 

MISCBIiliANBOUS  COKE. 

Fuel  designated   miscellaneous   coke  was  used   in   producer-gas 
test  15L 

PBODUCEB-OAS  TEST. 

Miscellaneous  coke. 

Test  151. — Duration  of  test,  41  hours.     Average  ele<5trical  horsepower,  199.5.    Aver- 
age B.  t.  u.  per  cubic  foot  of  gas,  120.6.    Total  coal  fired,  8,400  pounds. 


Coal  as 

12. 

Corabus- 

flPBd. 

tiblo. 

1.03 

a95 

0,83 

1.03 

.95 

.83 

.87 

.80 

.70 

.87 

.80 

.70 

Coal  amtunud  in  producer  per  horsepower  hour  {poundt) 

Per  electrical  horsepower: 

CommerctAllv  avalktble 

Developed  at  switchboard 

Per  brake  horsepower: 

Commerclalfy  available 

Developed  at  engine 

196»8— BuJJ.  No.  332—08 19 
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REPOBT   U.  S.  FUEL-TESTING   PLANT,  190ft-7. 


AnalyseM. 


Coal. 


Moisture 7.86 

Volatile  matter 80 

Fixed  carbon T9.M 

Ash 11.51 

Sulphur 1. 14 


Oas  bjf  volume. 


Ethylene  ( 
MIXED  COKE. 


Carbon  dioxide  (COt) 9.2 

Carbon  monoxide  (CO) 21.9 

Hydrogen  (lis) HI 

Methane  ((3ho 0.2 

Nitrogen  (Nj) 57.5 


.1 


Fuel  taken  from  a  pile  containing  a  mixture  of  the  products  of  the 
coking  tests  was  designated  mixed  coke.  This  sample  was  used  in 
steaming  test  519,  to  determine  the  effect  of  the  absence  of  volatile 
matter  in  fuel  on  the  completeness  of  combustion. 


CHEMICAL  ANALYSES.a 
Mixed  coke. 


Proximate: 

Moisture ft.55 

Volatile  matter 81 

Fixed  carbon 79.78 

Ash 12.86 

Sulphur 97 


Ultimate: 

Hydrogen a  57 

Carbon 8L34 

Nitrogen 89 

Oxygen 2. 40 

Ash 13.76 

Sulphur L  04 


STEAKINO  TEST. 
Mixed  coke. 


Test  519. 


Duration  of  test hours. .  a  92 

Heating  value  of  fuel B.  t.  u.  per  iwund  dry  fuel. .  12. 366 

Force  of  draft : 

Under  stack  damper inch  wat«r. .  |  a  89 

Above  flre do .07 

In  ash  pit do .25 

Furnace  temperature °F. .  2, 560 

Dry  fuel  us<«d  per  square  foot  of  grate  surfaci!  pc^r  hour poimds. .  27. 92 

Equivalent  water  evaporated  per  square  foot  of  wuttT  heating  surface  per  hour do 4. 65 

Percentage  of  rated  horsepower  of  boiler  developed 13a  3 

\Vat<T  apparently  evaporated  per  pound  of  fuel  as  firi'd pounds. .  a  44 

Water  evaporati^'d  from  and  at  212*  F.: 

Per  pound  of  fuel  as  fired do 7. 80 

Per  pound  of  dry  fuel do 8.35 

Per  pound  of  coml)Ustible do laOO 

Efflcienc'\-  of  boiler,  including  grate per  cent. .  65. 21 

Fuel  as  fired : 

Per  indicated  horsepower  hour pounds. .  3.  t'>3 

Per  electrical  horsepower  hour do 4  4S 

Dry  fuel: 

l'«T  indicated  horsepower  hour do .1 39 

Per  el(;ctrical  hors<'power  hour do j  4  18 


ILLINOIS,  COLLIN.SVILI.K. 

Nut  coal  froin  Collins ville,  111.,  was  purchased,  uninspected,  by  the 
Government  for  special  steainin<;j  tests  to  determine  the  best  method 
of  firing  Illinois  coal,  as  follows:  Test  500,  alternate  method  of  firing; 
test  501,  spreading  method;  test  502,  coking  method;  te^t  503,  rib- 
bon method  (firing  alternately  in  narrow  stri])s  across  the  full  length 
of  the  grate);  test   504,  alternate  method:  and   test  505,  alternate 


«  steaming?  t«'st  J 
car  Slim  pic. 


I*roxiinatr  nnal\  .sis  of  fn«l  as  fin>(l;  ultinuitr  analysis  of  dry  fuel  figured  from 
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r^iethod  %\rith  forced  draft,     Tliis  fuel  was  also  used  in  test  517  to 
|determine  the  effect  of  reduced  grate  area  on  efficiency. 

CHEJnCAL   AITALYSES. 
Illinoia,  ColIiuaviUa. 


r 

SteiLTnli^tfl«t0.4 

SOQ, 

50i. 

MS. 

fica. 

fiOi. 

SG&, 

dl7. 

MoiiitUTV... 

lZ5fl 

flilS 
3.  £4 

4.3i5 
m33 
LU 

10. 14 

3171 

13.08 

35.34 

42.  <U 

B.94 

3.1IJ 

4.ff7 
TO.fil 

l.ia 

9147 
10.29 

3.1H 

14.00 
3^a.S 

fi,70 

4.  90 

il».4S 

1.00 

U.^ 
3L.01 

33.64 
4L37 
m94 

as.30 

l.OB 
S.lft 
12.73 
3.00 

laso 

30.76 
42.  Bl 
9.  S3 
3.31 

4.«i3 

70.03 

Lll 

9.43 

laeo 

3.71 

13^60 
M.17 
41.51 

3.22 

4.«1 

1,10 
9.36 
lL2fi 

3.7a 

11.98 

Volatile  mat  ley..  >.-,....*. 

3S.  11 

F[xe4  cJLfboD       -  -..•« 

43.83 

Aah          ...           ..      . 

a.QA 

Sulphur , 

2.§G 
4.0C^ 

CArbfin                ,  *            *  » 

70,81 

Nitrogsn .,.-.- „ 

A^";;.::: ::::::::::::::: 

1.11 
a&3 

iaa2 

SulphQr„. _,_ 

a24 

i 


■  PTQisI^JIIti  ftD&l^rili  of  1ml  a«  fii^l:  iJkiinat«  analyisla  of  dry  fuel  fi^fed  from  tAt  i&mple. 

STEAMING  TEST8. 

Illinois,  ColIinHville  (nut). 


^ 

Teat 

Teat 

T^at 

Test 

T*«t 

T^«l 

Teat 

500, 

50L 

SOfi. 

503, 

£04. 

fiOS. 

517.  a 

DmstLon  of  test. „ hpun . . 

9,02 

C.43 

as3 

7.27 

<L37 

7,37 

&^ 

IfettiDd  of  artng „, --,.,.,.. 

Alter- 

Spread- 

Cok- 

Rib- 

Alter* 

Alter- 

rmto. 

ing. 

Ui^. 

ban. 

nftto. 

nfttn. 

Uatlng  v^nltK!  of  coal,  B.  t.  n.  par  pound  di^' 

eoal , ,-..: 

i2,ssa 

l2,S2a 

12,040 

U,^ 

12,T3S 

12,1170 

12,8ltt 

Fdroe  at  <lf^t : 

Untbir  (rtack  dAmpet. , . . .  v .  .Inch  wntiT. . 

0.&H 

a64 

aK5 

(}.U1 

0.01 

0.Q0 

afiO 

Abov«  0j^>,„„,„ . dd.„. 

.22  ' 

,1(1 

.12 

,11 

.ig 

.13 

.27 

Intuh  pit  (fopce'l  draft)., ..do.... 

.^ 

Dry  cijfil  usm  per  nqu^TO  foot  of  gTBt4.<  niirfaoe 

2,655 

2,^1 

2.158 

2.A62 

2,4^ 

2,755 

p<?rhoiir ,-.-, , poMijflu.. 

25.10 

S.17 

21,87 

2C4« 

24.17 

30.36 

28.77 

Equirai^nt   water  evnporated  per  sqiiAiTi 
ma  of  water-heating  mrtrnxt  par  bour, 

ppqndfl    , 

4.00 

3v31 

aae 

181 

3.59 

^m 

3Lai 

f^^ent^p^  of  ™t(*d  lior?»4^powtr  of  t>oilor  fJe- 

112.1 

112,7 

os,o 

10(17 

100.  S 

13L6 

04.0 

HTftter  apkparpivtty  <»vaporftt«d  pc^r  pound  of 
ooal  &■  BinL'd .... .......... p4>uiids.  J 

3.  75 

5.31 

5.. ■Ml 

.•V.&1 

5.49 

5.52 

5vS2 

W&t^T  pvopnnitJ'ii  frihrn  and  iit  212*"  P. ' 

P**r  poll Ni^j  t'l  1  ■^tjj  [  aji  flrpd ......  poimils, . 

iiiftS 

n.40 

0Ltt7 

^,m 

6.04 

fkOO 

7.00 

fVr  piii  ri'l  'jf  ' !  rv  ir^ml . .  „ do .... 

7,W 
a  lf» 

7,47 
S.52 

7,7tl 
8.0(3 

7,78 
0.!S 

7,45 
Sl45 

7.74 
«,flO 

^03 

P^-r  r">Nriil  <ij  coin bufltt hip ^. do 

9,41 

SfllcMMii  V  *if  1  ml |4*r, Including ifratj:*-p<ircpnt.. 

fU  31 

5(i,  3ii 

.59.24 

W,42 

56. 4» 

,58.D$» 

fta22 

:<mni^*f1r-"ij: 

Vvj  indicated  hor**pOwinrhniJt.pr)nmU. , 

4,05 

4,31^ 

4,24 

4.2^ 

4,26 

4.23 

4,01 

Fw  eJoctri»it  hoi^wpowyr  bimr.  .  .do 

5,00 

Ji,;*§ 

5,23 

5.22 

Sl26 

5,22 

4.04 

>I3-  coal  ^ 

Per  Indic&t^d  horsppowyr  hour dn .  ^ . , 

3,54 

3.7fl 

3.M 

3.03 

3.  SO 

afifl 

3^  .S3 

Per  «I(ictrical  borspp&wnr  hunt, ,  ,.dii. ... 

4,  .17 

lATi 

J.. "50 

4.40 

4.00 

4.51 

i,SS. 

"  (}rat»«  ftn^a  nMlncrd  to  20.3  srjuart>  fwt. 


WASIIKUV  UEFUSK. 


Fuel  taken  from  the  dumpinix  pile  of  the  coal  washery  of  the  fuel- 
nesting  plant  was^desicniated  washery  refuse.  This  sample  was  com- 
>osed  of  the  dumpings  of  many  bituminous  coals  and  had  been 
exposed  several  months  before  it  was  taken  up  for  test.  Steaming 
>est  479  w^as  made  on  it  to  determine  w  hether  such  refuse  can  be  used 
■or  steaming  purposes. 
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CHEMIGAL  ANALTSS8.a 


Wasbery  refuse. 


PxoziiiiAte: 

Mofstoro laSS 

VoUtlle  matter 17.21 

Fixed  carbon 3a  14 

A«h..- 41.82 

Sulphur 2.40 


Ultinute: 
Hydrogen.. 

Carbon 

Nitrogen... 

aS^;::: 

Sulphur.... 


8TEAXING  TEST. 
Washery  refuse. 


SUeaAUsed: 

Over  1  inch per  cent. 

4  inch  to  I  inch do... 

linchtoiinch do... 

Under  i  inch do... 

Average  diameter ^ indi. 

Duration  of  test houra. 

Heating  value  of  coal fi.  t.  u.  per  pound  of  dry  ooal. 

Force  of  draft: 

Under  stack  damper inch  water. 

Above  fire do... 

In  ashpit  (forced  draft) do... 

Dry  coal  used  per  square  foot  of  grate  surface  per  hour pounds. 

Equivalent  water  evaporated  per  square  foot  of  water-heating  surface  per  hour do. . . 

Percentage  of  rated  horsepower  of  boiler  developed ^ 

Water  apparently  evaporated  per  pound  of  coal  as  fired pounds. 

Water  evaporated  ftom  and  at  212^  F.: 

Per  pound  of  coal  as  fired do... 

Per  pound  of  dry  coal do... 

Per  pound  of  combustible do. . . 

Efficiency  of  boiler,  including  grate per  cent . 

Coal  as  fired: 

Per  indicated  horsepower  hour pounds. 

Per  electrical  horsepower  hour do. . . 

Dry  coal: 

Per  indicated  horsepower  hour do. . . 

Per  electrical  horsepower  hour. do. . . 


MISCKLiIiAXEOirS  NO.  5. 

A  sample  of  coko  breeze  was  furnished  by  a  gas  company  for  use 
in  briquctting  tests  152  and  (mixed  W4th  Tennessee  No.  4,  p.  234)  150 
and  151.     One  sample  (No.  3386)  was  taken  for  chemical  analysis. 


GHEMIGAL  ANALYSES. 
Mi8('(.'llaiuM>UH  No.  5  (coke  V^reezeV 


Briquet- 
Sample,       tingtost 


Lal>oratory  No. 
Air-drying  loss. 


Moisture. 
Volatile  matter. 
Fixed  carbon  — 


Ash. 
Sulphur 


Calorific  value  determined  (as  roc<»ivod) {  iT.  t.  u^ 


aso 

10.72 
4.06 

73.25 

11.95 
1.02 

6.131 
11.036 


&01 
laTO 
72.05 
12.24 

1.0S 


a  Steaming  tost  479.    Proximate  analysis  of  fiiol  as  fired;  ultimate  analysis  of  dry  fuel  figured  from 
car  sample. 
t>  Proximate  analysis  of  fuel  as  received;  iioultlmate  amiiysis  of  briquets  was  made. 
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BBIQUETTING  TEST. 
MbceUaneoufl  No.  5  (coke  breeze). 

^£9t  15£. — ^ixe  BE  used:  Over  J  mch^  2.8  per  (nmt;  ^  inch  to  \  inch,  11  per  cent;  ^ 

leJi  to  tV  lorli^  21.2  per  centj  j^  inch  to  j"^  inch,  30-4  per  cent:  thraygh  :ji^  inch, 
LG  per  cent.  These  briquota  were  very  eoft  when  warm,  giving  nearly  25  per  cent 
[frakagc  in  falling  fium  delivery  belt  of  tnachiniMimi  in  handling  with  coke  forks. 
liey  could  not  b*^  piled  satisfactorily  while  wann.  When  cold,  they  bad  a  nougb, 
mrd  eurfflce,  w^th  coating  of  brown  from  the  dieB,  and  broke  withont  crumbling, 
lying*  a  lough  fmcture  aurfacti. 


itetaibi  of  Tuantlfiactuie: 

UarKInf!  used , 

Temp/ratufe'  of  bnquttd. 
Bimfcr— 

Kind...... 

Lal>OMit«ry  Ko*  tt&x  p. 

Amount..... 

Weight  of— 

Fuel  briquotted ....... 

Brlqu^ti,  nverui!^ , 

n&ut  Talus  per  potind— 

;  FueiuOred 


Drop  tciit  (1-lnnti  9Cnea) : 

III?  Id,  ,..*.,,.--.*„_...„  ,per  cunt, . 

PasHcd ,do .... 

Tiimbkr  lest  tl-tnch  ^rmn): 

JMd,,... , do,... 

Pj^astsd  {fLiii<s) ^^,^^^^^,,, . .*^ ,,do 

FiBBi  tb rough  iQ-oieah  »Lcvi!...d4>. ... 
WeattieriBg  teaf; 

Time  exposed , days, . 

Condition ,  * ,,  *^  „,«,.,, , 

WAtsT  khaorptUm: 

In  16  days,.,,,.* *,,„*pftrcieiit,. 

Aremge  for  flrst  fi  days di^.^,. 

apcciOc  gru vlty  (appttj^nl)  _ . , _,. . . 


60.fi 
3P.5 

716 
37.  fi 

m.a 
im 

A. 

20,0 
L03D 


EztwcHon  anaiyfis. 


Fitdi> 

Fofll. 

Brtqiiets, 
tMti52. 

UboTfttorr  No..^ ..,,...,,., ,..,_...  .                    .-..-  ..  

3«tQ 

3386 
.50 

33Sfi 

•i^^ldgJiiM......,,. , .,., 

.  i..,.^^,..  .^ ......  ^ .  .per  oent. , 

a.  10 

JitTMliedbTCSi: 

Air  df  Jed., „.„ ..,.. 

..........,_., do..,. 

&M 

Aj»r«3«i7ed.. ^........ ...... 

........,..,,.,. do,... 

dn 

mye 

&T4 

7,7fi 

MlSCKIiliAXlCOUS  NO.  9. 

The  sample  designated  Miscellaneous  No.  9  consisted  of  coke 
breeze  which  was  shipped  from  a  plant  in  Madison,  111. 

This  sample  was  used  iii  briquetting  tests  247*  and  249;  also 
mixed  with  Pennsylvania  No.  18  in  briquetting  tests  238f ,  239f ,  240f , 
and  248.     (See  pp.  21 1-213.) 

One  car  sample  (No.  4763)  was  taken  for  chemical  analysis. 

CHEMICAL  ANALYSES.. 

Miscellaneous  No.  9  (coke  breeze). 


Laboratory  No 

Air-dry  Ing  losa 

Moiitore 

Volatile  matter 

Fixed  carbon 

Ash 

Bill  ph  ur . . 

CaJorific  value  determined  (as  received) {if.'T.'^u 


Briquet- 

Sample. 

ting  tests 

247 

249.6 

4763 

4827 

1.30 

1.30 

1.95 

2.61 

.89 

10.71 

75.50 

58.55 

21.  G6 

28.13 

.66 

.98 

6,039 

5,514 

10.870 

9,925 

a  The  briquets  made  in  this  test  were  used  in  a  special  cupola  test:  sec  p.  45. 
h  Proximate  analysis  ol  fuel  as  received;  no  ultimate  analysis  of  briquets  mad<\ 
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BBIQUXmVO  R8T8. 

Miscellaneoiu  No.  0  (coke  breeze). 

Tmt  t47, — Size  as  used:  Over  i  inch,  2.2  p^  cent;  tV  ^^  ^  i  indi,  8  per  cent; 
^  inch  to  iV  i^<^f  ^^  P^  ^^^9  tV  ^<^  to  A  iQC^f  ^-0  p^  cent;  throngb  ^  inch, 
49.2  per  cent.  Attempts  to  briquet  coke  breeze  with  undacked  lime  as  a  binder 
were  unsatisfiictory.  Briquets  were  made  by  the  addition  of  pitch  to  the  lime,  and 
showed  when  warm  characteristics  similar  to  those  of  the  briquets  made  in  test  249. 
The  cold  briquets,  however,  were  much  harder  and  continued  to  increase  in  hard- 
ness for  several  weeks.  The  hardened  briquets  had  a  smooth  outer  surface  and  a 
roug^,  hard  fracture  surfiice,  with  firm  edges. 

Te^  5^.— Size  as  used:  Over  i  inch,  1.6  per  cent;  ^  inch  to  i  inch,  7.6  per  cent; 
^  inch  to  ^  inch,  15.8  per  cent;  ^  inch  to  ^  inch,  25.8  per  cent;  through  ^  indi, 
49.2  per  cent.  The  characteristics  of  thpee  briquets  are  similar  to  those  noted  in 
the  report  of  test  248  (p.  212).  These  briquets  had  a  coating  of  bronze  from  the  diei, 
which  diowed  perceptibly  the  erosive  effect  of  the  coke.  Satisfactory  briquets  w^ra 
made  with  8  per  cent  binder,  and  no  increase  in  cohesion  was  observed  by  increas- 
ing this  percentage. 


Test247.« 

Test  240. 

Test  247.* 

Test  Mi. 

Details  of  mannfiMStiin: 

Tempnatnn  of  briquets! ! 
Kind 

Renf. 
176 

(>) 

4879 
8  each. 

6,000 
0.642 

10,870 
9,926 
16,805 

Renf. 
168 

w.g.p. 

4879 
8 

2,000 
0.520 

10,870    : 

Drop  test  (l-lndi  scnen) : 

Held percent.. 

Passed do.... 

Tumbler  test  {lAaob.  screen) : 

Held :... par  cent.. 

Passed  (fines).. VT.do.... 

Fines  throQVh  UKmedi 

sieve percent.. 

Water  absorption: 

In  23  days per  cent. . 

S&O 
HO 

88Li 

6&0 

67.6 
79lS 

Labormtoiy  No.  (see 
p.  40) 

».6 

Amount . . .  .per  cent . . 
Welriit  of- 

Fuel  briquetted, 
pounds 

8L0 

1&8 

In  10  days do — 

Average  lor  first— 

6day8 do.... 

5  days do. . . . 

lao 

l.flO 

Briquets,  average, 

pound 

Heat  value  per  pound- 
Fuel  as  received, 

B.t.u 

Fuel  as  fired.. B.  t.  u.. 

2.60 

Specific  gravity  (appeient) . . 

1.287 

1.178 

Binder do.... 

16,805  1 

a  The  briquets  made  in  this  tost  were  used  in  a  special  cupola  test;  see  p.  45. 
^  Water-gas  pitch  and  unslacked  lime,  8  per  cent  each. 

Extraction  analyses. 


Laboratory  No 

Air-drying  loss per  cent. . 

Extracted  by  CSt: 

Air  dried do 

As  received do 

Pitch  in  briquets  as  received do 


Pitch     I     Fuel       Briquets, 
riicn.    ,     jfuei.       test  247. 


4879 


94.50 


4763 
1.30 


.15 
.15 


4827 
1.30 

7.32 
7.22 
7.50 
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MI8Cm.LAKT:OUS  NO.  lO, 
Coal  de^nated  ^liseellaneous  No*  10  was  uoed  in  washing  test  177- 

WASHING  TEST. 

MiM'eUaneoufl  No.  10  (elack). 

Trxt  J77,— Jig  uaed,   Stewart.     Raw  coal,  56,560  ^Kjunds.    Waabed  cod,  40,1(« 
pounds;  71  per  cent.     Refu^,  16^400  pounda;  29  per  cent. 


coaL 

Wiiah«d 

Molfltuiti. ,......„_..,.,„.,_„„__ -..„,. ,„. .„, 

SLlfi 

11.  OQ 

VdUtile  mattCf ^ ..- , ..„,-„....,, 

Filled  carbon ,,,,,^.,.,,_* «,.„....„<...*.*..*..*..,*,_>,.,. 

jun ,.,,..-— v_>, .„.-_*.-..-.— 

0.33 

8alpiiar,,,,„,,t..^*.i,.,,,.=,f,^.,,,,,.^^,.,i..^,  .4,_-*^p,,^ir.-_,^*e. ,..,.. 

L30 

r 
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■nmmary  of., 28 

ilftcfc,  J-K.,  workof.,..., .„.,.....  36 

bolters,  abaorptlon  M  htol  by 24 

^oiMn  Qiedi  proporttoGAOl.. ...^....,  22 

**^lT*«i»  W.  J-  von,  work  ol ,. 12 

^i^kimftdge,  L.  P.^qn  st<«mlngt««t»,.,„  22^24 

iridgpiimn,  A.  B.,  work  ol...^ .,._ 2* 

^^queia,  binders  tiHd  In S9-41 

dB^iiption.^*  ...*,... . .,...,. .  .W-30 

t»taof -,,.....  41-45 

M^TjetUiig  t*Ht».  fliCcotjnt  of  „___..... .  30-*«i 

COAl»  for,  sampling iLful  dryli]^ of. .,.,..  41 

eo*lj1«9ted  by .  4fi 

equipment  of ,. ,  JQ^SS 

objects  of. ..,_,.....,,:, ,,..._ 8^9 

pentonDPl  of .. . 3D 

pemilljt  oit  indejt  to. ,,.. 14-ifi 

Siuwn,  D.  I.,  work  of...... ,,„.__,._.  2t 

BtimU.  O.  A.,  work  of 21 

BTirrdws,  J.  g.,  workof , 12 

Sorrows,  J.  3.    Sre  PiLrker  And  Eiirnnra. 

C. 

rairnU,  R.T.,  workol. „ 12 

ChApfTmn,  W .  J,,  work  of ,  „ , . . . . ,  ^» 

Cbemk^ja  Uborfttory*  ftOAlytlcia  methods  of ,  20-21 

ftquipEWUt  of.... .,,.„,.  30 

parpiiuiel  f>f ,  .  * - 21 

rof 21>-21,47 


Pag^^ 
CoAl,  parcbA^e  of,  for  Govenimeat  lue. . . . ,        II 

wi»t«  of,  in  otlaiBg, .......  — .......  B,  l(^'ll 

Coke^ ea[»o|»  tHta  of...... .._„  34-4S 

CokEajg  tnitflf  account  of. 

i?o«1j  tMted  by, , „...,,.,  M4$ 

obJwTtKof .- ft,»*10 

i«MilU  or,  Iiulu  l4» .„„..........-  14-1« 

Caopefp  n.  It;»  workof.......... 26 

CnpolA  tettaof<}okB,  oceouat  of,. ...„,  M-3A 

brakes  totted  Toy.,, ,...  — ..........       S5 

equipment  for. . .,.,..,....,........,-,,       Ifi 
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INTRODUCTION. 


By  Joseph  A.  Holmes, 


The  tTL^neral  supervision  nf  the  work  of  tlie  rf»al~niine  mspeetors  in 
Hetw  Mexico  and  Indian  Territnr\^  was^  transferred  an  Junt^  10,  1907, 
ky  the  Secretary''  of  the  Interior  to  the  Geolof^ical  Survey  in  aletter 

prom  which  the  fullouin^  paragraphia  are  extracted c 

'  I  hiive  to  retjueflt  thiit  fn>iii  uiid  inclurliiig  tbe  Iwt  day  of  July,  I9t)7,  ymi  will  Luke 
^J)  lire*  praf.ticiil  inlrinniHnitiini  at  the  ai't  fur  the  pn^ct^lion  (if  the  liAea  of  niint*r» 
^  the  Terriiuric!*,  upi^npvt^l  Man  h  !i.  18J)|,  and  the  at  t  amendatory  thcre<^jr,  ujiprtived 
Jiily  L  19CI-J,  an<l  ibei^upcrvision  i4  the  work  of  Ibo  cual-mitie  ifie^pecUirs  in  New  Mexiro 
aid  the  In^lian  Territr>r>'  aji|K>iTUed  purHUaiif  to  flaiii  statu  1 1%  aiid  rhiise  who  miiy  here- 
ifU^r  Ix*  ap|xnnled  u\  suih  Territories  in  whicli  the  aggregate  annual  output  ie  in 
piti-eeB  of  1,000  tons  of  vrml. 

In  I hi^  Conner tion  it  is  suggested  that  the  ollieers  of  the  Geological  Survey  having 
toe  matter  in  I'haj^e  ahnuld  not  only  investigate  the  general  mining  eonditiona  in  th© 
ptiritiiriea,  bill  alwi  the  nature  antl  extent  t>f  the  mine  a^'tndenls,  parii*ndarly  thoso 
teauliing  ffi?m  explnmons,  and  report  lo  tbe  Dei^artnient  tbe  results  of  gueh  investlga- 
^ns.  These  reports  should  rontuin  vi\m  nwgi^esiUnvs  a.n  to  bow  the  nuning  frond ition* 
ittiay  tie  improved  and  m  ridents  provenied,  without  undue  hardsiiip  to  the  operators. 

In  a  letter  dat^d  June  14,  11)07,  this  supervision  of  the  work  of  the 

eoal-mine  inspectors  was  fducetl  bj  tlu^  Director  of  the  Survey  under 
jtlie  lechnologic  branch  of  that  organization.  In  endeavoring  to 
^mrry  out  the  suggestions  of  the  StTretarv^  relative  to  the  improve- 
itient  of  the  mining  conditions  an<l  ] prevention  i>f  mine  accn<ients  in 
Uie  coal  mines  of  the  Territories,  a  immUcr  of  cxaininati<ins  of  the 
more  dangerous  coal  mines  of  the  Indian  Territory  were  made  by 
Clarence  Hall,  Samuel  Sanford,  Rollin  T.  Chamberlin,  and  the  expert 
in  charge  of  the  technologic  branch.  Other  and  more  extended 
examinations  of  the  coal  mines  of  both  Indian  Territory  (Oklahoma) 
and  New  Mexico  have  been  planned.  Meanwhile  Mr.  Hall  and  his 
associates  have  been  investigating  the  nature,  extent,  causes,  and 
results  of  a  number  of  disastrous  ccnil-mine  explosions  in  several  of 
the  States.  These  studies  have  been  carried  on  in  connection  with 
the  general  investigation  of  the  waste  and  destniction  of  coal  in 
mining  operations. 

In  connection  with  all  these  investigations,  and  with  a  view  to 
determining  the  practicability  of  preventing  coal-mine  explosions 
and  improving  mining  conditions,  a  general  inquiry  was  begun  by 
^Ir.  Hall,  with  the  assistance  of  Walter  O.  Snelling  and  under  the 


4  roAL-MIXK    A<rri^KXT<:    rAl'SES    AND    PREVKNTloN. 

HiWu'Ji  of  Prof-  (^'liarlfs  E.  Munroe.  cnDcoming  ihe  nature  and  extent 
of  such  expUisions  and  the  methixls  employed  in  the  United  States 
or  in  foreifrn  c^mntries  to  prevent  their  occurrence. 

In  response,'  to  numerous  ref|ue>t<  f«»r  information  on  this  subject, 
a  brief  summar\-  of  the  n\sults  of  these  inquiries  has  been  prepared 
for  immediate  publicatirm  as  the  present  bulletin.  Later  bulletins 
will  deal  with  other  phases  of  this  subject  and  also  embody  llio 
rijsults  of  the  investigations  of  coal  mining  and  coal-mine  accidents 
in  the  Territories. 

The  fibres  given  in  this  report  indicate  that  durin«:  the  year  19|)G 
nearly  7/KK)  men  were  killed  or  injured  in  the  coal  mines  of  this 
countr}',  and  that  the  number  of  these  accidents  caused  directly  or 
indire<:tly  by  mine  explosions  has  been  steadily  increasing.  It  is 
alsf>  indicated  that  this  increase  has  been  due  in  part  to  the  lack  of 
proper  and  enforceable  mine  regulations:  in  part  to  the  lack  of  reli- 
able infonnation  concerning  the  explosives  used  in  mining,  and  the 
conditions  under  which  they  can  be  used  safely  in  the  presence  of 
the  gas  and  dust  encountered  in  the  mines:  and  in  part  to  the  fact 
that  in  the  development  of  coal  mining  not  only  is  the  number  of 
niiiKTs  increasing,  but  many  areas  from  which  coal  is  being  taken  are 
either  deeper  or  farther  from  the  entrance,  where  good  ventilation  i? 
more  difficult  and  the  dangerous  accumulations  of  explosive  gas  more 
frecjuent. 

The  increase  both  iu  the  number  and  in  the  seriousness  of  mine 
explosions  in  the  United  States  (hirinjj:  past  years  may  be  expected 
to  continue  nnle>s,  tlironjrli  investiirations  made  in  tlie  United  States 
such  a*^  have  prnv<'(i  eifectivc  in  other  coal-producing  countries,  in- 
formation <'an  be  obtained  an<I  pu])lish(v|  concerning  the  explosives 
used,  tlic  I'onditions  under  which  they  may  be  used  safely  in  the 
presence  of  coal  dust  or  ga>,  and  the*  <;encral  conditions  which  make 
for  hcaltli  and  saf<'ty  in  coal-niininir  operations.  Such  information. 
ol)lainc(|  throuirli  coniprelicnsiv<'  and  impartial  investigations,  may 
serve  in  this,  as  in  otiier  countries,  as  an  intelligent  basis  both  for 
legislative  enactments  and  for  aj^reenuMits  among  persons  as.sociated 
witli  mining  o|)erations. 

One  aflcr  another  of  these  terrible  underground  disasters  awakens 
tli(»  sympathies  of  {]\v  nation  and  arouses  an  earnest  desire  that  tliev 
nmy  be  entirely  prevented.  K.\p(M'i(Mice  in  the  deeper  and  more  dan- 
gerous coal  mines  of  Belgium  and  otluM*  countries  not  only  indicates 
that  these  mine*  accidents  nuiy  be  n»(luced  to  less  than  one-third  their 
|)res(»nt  nundxM'  in  the  I'nited  Stat(»s,  hut  al>o  giv(\s  promise  of  results 
which  in  the  future  nuiy  at  U^n^i  approach  complete^  prevention. 


COAL-MINE  ACCIDENTS:  THEIR  CAUSES  AND  PREVEN- 
TION-A  PRELIMINARY  STATISTICAL  REPORT. 


By  Clarence  TIall  and  Walter  O.  Snelling. 


STATISTICS  RET^TTNG  TO  ACCIDENTS  IX  COAT.  MINKS. 

FATAL  ACCIDENTS  IN  THE  UNITED  STATES. 

In  the  coal  mines  of  the  United  States  in  1906,  6,861  men  were 
killed  or  injured,  the  number  killed  being  2,061  and  the  number 
injured  being  4,800. 

The  number  of  men  killed  in  the  coal  mines  of  the  United  States  for 
each  year  from  1890  is  sho\\7i  in  the  following  table : 

y umber  of  mm  killed  in  the  eonl  inines  of  the   United  States,  1S90-1906. 

1890 701  1900 1, 493 

1891 1, 070  1901 1,  594 

1892 859  UK)2 1, 828 

1893 965  1903 1, 794 

1894 957  1904 1, 999 

1895 1,  057  1905 2, 097 

189fi 1.  120  ]90<; 2,  061 

1897 947 


1898 1.049 

1899 1.243 


Total 22.840 


The  total  number  of  men  killed  since  1889,  as  shown  above,  is 
22,840.  It  will  be  noted  that  as  many  violent  deaths  have  occurred 
in  the  coal  mines  of  the  United  States  during  the  last  six  years  as 
during  the  preceding  eleven  years,  the  number  of  fatal  accidents 
having  practically  doubled  within  that  time. 

NUMBER  OF  MEN  KILLED  FOR    EACH  THOUSAND  EMPLOYED. 

INCREASE    IX    THE    UNITED    STATES. 

The  great  increase  in  the  producticm  of  coal  during  the  last  decade, 
and  the  related  increase  in  the  number  of  men  employed  in  the 
industry,  may  seem  to  account  for  the  increase  in  the  number  of 
fatal  accidents.  But  the  following  table,  giving  the  number  (^f  men 
killed  for  each  1,000  employed,  shows  that  the  increase  can  not  be 
ac<?<ninted  for  in  this  wav:  A 


6  ooAL-MixE  accidents:  causes  and  pretention. 

Number  of  ntm  killed  in  the  efxd  mines  of  the  United  Statet/or  each  i,000  men  emploifed. 

Vm 2.67  1901 3.24 

1896 2-79  1902 3.49 

1897 2.34  1903 3.14 

1898 2.59  1904 3.38 

1899 2.98  1905 3.a3 

1900 3.24  19W> 3.40 

DECREASE   IX    EUROPEAN    COUNTRIES. 

PROTECTIVE    LEGISLATION". 

In  all  the  European  coal-pro<lucing  countries  the  output  of  coal  has 
increased  greatly  during  the  last  ten  years,  but  the  number  of 
deaths  per  1,000  miners,  instead  of  increasing  as  in  this  country,  has 
undergone  a  marked  and  decided  decrease.  This  decrease  has  been 
due  to  the  effect  of  mining  legislation  in  those  countries  for  the  safe- 
guarding and  protection  of  the  lives  of  the  workmen,  and  has  been 
made  possible  by  government  action  in  establishing  testing  stations 
for  the  study  of  problems  relative  tosafetA'in  mining,  including  the  use 
of  explosives. 

BKLGIIM. 

The  decrease  in  Belgium  is  shown  in  the  following  table: 

Number  of  m^n  killfdfor  eai-h  1  ,(}(K)  men  employed  in  the  coal  mines  of  Belgium,  for  «ti^ 

decade  since  IS.iO. 

m\\    \m) 3.19  1871-1880 2.36 

1841   I8r>() :i.  IS  issi-1890 1.99 

18.-)  1    |8(;() :i.2S  ;  ISOMJMX) l.r>9  ' 

18(11    1870 2.00'  100M<JO() l.Oi 

II  will  be  seen  from  th(*  above  table  that  iho  study  of  mining;  con- 
ditions in  Belgium  has  resulted  in  a  reduction  of  the  death  rate  per 
1, ()()()  men  employed  to  one-third  of  the  ratio  now  existing  in  the 
United  States.  It  seems  certain  that  if  a  similar  study  of  mining 
^•onditions  were  to  be  made  in  the  United  States  and  proper  legisla- 
tion could  be  secured  to  enforce  tlu»  conditions  found  to  be  necessary 
for  a  better  safeguarding  of  the  lives  of  the  miners,  the  death  rate 
from  mine  accidents  would  be*  greatly  reduced.  The  following  table 
gives  the  death  rate  from  accidents  in  tlie  coal  mines  of  Belgium  in 
the  years   ISO')    1  <)()() : 

Xiinihd'  of  JivfH  lout  in  the  coal  inincs  of  B<J<jiinn  for  tdch  1 JHH)  men  employed. 

189r> 1.10  I  HK)! I.IG 

18!M; 1.1()|  1!M)2 1.07 

1897 1.0:i  '  HXKi 1    14 

18!)8 1 .  01  11)0-1 (,3 

istM) !)7  ,  ioo;s 91 

hMM) 1.0.'>  i   mmm; «M 
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The  niimbnr  nf  mm  kjlU^l  iti  the  coal  Ttiines  of  Great  Britain  for 
etirh  1,000  raeu  eniplovcd  ia  shown  for  i*arh  year  s^ince  1890  in  the 
fQlU)wing  table! 


KutiibfJ^  o/vu^/i  kilM  in  £^  t^o&l  irUnti  qfOrtat  Briiainfor  mth  1,000  num  employed. 


18ft2. 

1893. 

1897. 


1.50 

189&. 

L49  ' 

imjo. 

L53 

190L 

Leo 

1W2. 

1.49 

1903. 

1.4g 

im^. 

1.34 

1905. 

1.28 

1906. 

FRUBliU, 

L2e 

LSO 
1.30 
l.M 
L27 
hU 

i.as 

1.29 


The  number  of  men  killed  in  the  coal  mines  of  Prussia  for  each 
1,000  men  employed  is  showTi  for  a  number  of  years  in  the  following 
Uble:  '  * 

?^umheT  cf  jnen  hUkd  in  fh?  root  mintM  0f  Pruinn  for  ench  1,000  men  ewiphytd. 


inuimB ., , 2.m 

18<J7-1880 , 2.94 

laSl-lgQO .„-.,..,_,.,. 2.93 

mi 

im„...... 

im..... .,.._... 

\m ,_.___. 

im ., 


2,89 
2.21 
2.62 

2.21 
2,54 

2.  5S 


1897. 
1898. 
1899. 
1900. 
1901. 
1902. 
1903- 
1904. 


2.  as 

2.  SI 

2.34 
L99 
1.92 
L80 


In  France  the  number  of  lives  lost  per  1,000  men  employed  has 
been  very  low  for  a  number  of  years,  but  since  the  publication  of 
the  last  available  report  an  explosion  has  occurred  at  the  Courrieres 
mine  in  that  country,  causing  the  deatli  of  more  than  1 ,000  miners, 
and  this  would  materially  affect  the  result  of  any  tabulation.  The 
number  of  lives  lost  per  1,000  men  employed  for  each  year  for  which 
statistics  are  available  is  as  follows: 


Number  of  lives  lost  in  (In  <<tal  mi  jus  of  Frann  for  rack  1,000  mm  cm  ployed. 

1901 1 .  03 

1902 115 

1903 SO 

1904 S9 

1905 .  H4 
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COMPARATIVE    SUMMARY. 

On  comparing  the  average  death  rates  from  accidents  in  coal  mines 
for  each  1,000  men  employed  in  different  countries  the  full  signifi- 
cance of  the  figures  already  given  may  be  seen. 

In  the  following  table,  giving  the  average  ratio  for  the  last  period 
of  five  years  for  which  statistics  are  at  hand,  the  position  of  the  United 
States  may  be  compared  with  that  of  the  principal  European  coal- 
producing  countries: 

Number  of  men  killed  for  each  1.000  men  employed — averages  for  fire  yearn. 

France  (1901-1905) 0. 91 

Belgium  (1902-190G) 1.00 

Grc»at  Britain  ( 1902-1906) 1. 28 

Prussia  (1900-1904) 2.0fi 

United  Staters  (1902-1906) 3. 39 

Belgium  maintains  the  most  thoroughly  equipped  testing  station 
in  the  world,  and  for  a  number  of  years  has  carried  out  extensive 
experiments  to  devise  means  to  prevent  accidents  and  to  increase  the 
safety  of  workers  in  the  mines.  The  success  of  these  experiments 
will  be  better  realized  when  it  is  stated  that  at  the  beginning  of  the 
investigations  the  number  of  men  killed  each  year  for  each  1,000 
men  employed  was  3.2,  or  very  nearly  that  now  shown  for  the  United 
States,  while  at  present  it  is  less  than  one-third  of  that  number. 

Great  Britain  and  Germany  also  maintain  testing  stations,  where 
every  question  relating  to  the  testing  of  explosives,  safety  lamps, 
rescue  devices,  and  all  simihir  matters  may  be  submitted  to  experi- 
mental studies.  As  the  result  of  this  foresight  great  reductions  have 
been  made  in  the  number  of  accidents  in  the  coal  mines  of  those  | 
countries. 

CAUSES  OF  MINE  ACCIDENTS. 
FATAL    ACCIDENTS    FROM    FALLS    OF    ROOF    AND    COAL. 

In  1906  the  causes  of  the  fatal  and  nonfatal  accidents  in  the  coal 
mines  of  the  United  States  were  as  follows: 

Ctml-mim  avndenis  in  thf  Vj}it('d  States.  l!H)(i. 


A("f;i<I»'nts(liio  to  i    Killwl.      Injured. 


Powder  explosions*. 
Falls  of  roof  and  coal. 
Other  causes 


(Jas  an<l  dust  explosions 228  i  307 

1,008  i.«a3 

732  2, 192 


It  will  be  noted  that  50  per  cent  of  all  the  fatal  accidents  and  39 
per  cent  of  all  the  nonfatal  accidents  were  the  result  of  falls  of  roof 
and  coal,  and  that  accordingly  these  are  the  most  prolific  source  of 
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idwtii  in  the  coat  in'mm  t»f  the  Unitcil  Stati^t^.  TLc  fullowing 
tamant  of  cU>ath.s  from  this  caiL^e  prr  1,000  men  employe* t  inhowjs 
ir  the  Utiiteil  States  compares  with  several  of  the  foreign  coal- 
dticing  countries  in  this  regard: 

firaUtH  from  faltit  of  roof  and  ntal  itfr  KOOO  mm  rmploi^rfl. 

BdigiuTn ______ _.,,._______ ___,,  0,40 

Felice ^, ...,„„ _,-,._ ,^. 47 

Orc^ftt  Britain ,,.. »*..'.,...,.  (M 

ni^rrnany,,- .;.,»,4,,,.*..i^. .,,,.._  i .  92 

UniUMl  Sltttt^ L  70 

n  all  the  countries  menti(nie<h  exrept  the  Unitetl  State^^  t\w  use 
^xc^^isive  cliarges  of  explosives  is  prnliihitetl  hy  law,  ant!  delimte 
its  are  set  as  to  the  amount  of  any  explosive  that  may  he  used, 
bough  these  regidations  were  framed  witli  the  object  of  preventing 
eji  plosions  J  it  is  he  lie  ve*  I  that  they  have  been  of  marketi  elTeet  in 
renting  accidents  from  falls  of  roof  and  coal,  as  the  ver^'  great  tlis- 
>ing  and  jarring  effect  exerted  hy  the  discharge  of  large  amounts  of 
losives  in  a  mine  is  believed  to  he  one  of  the  most  import  ant  causes 
alls  of  roof.  The  actual  fall  of  the  rock  or  eoal  may  not  occur  at 
time  of  firing  the  charge,  hut  the  heavy  shots  weaken  the  wall  and 
i  and  start  cracks  that  impair  the  support  of  the  n*ckj  so  tliat 
itlis  after  the  blast,  ^\'ithout  warning,  the  roof  or  wall  falls* 
t  is  also  to  he  noted  that  explosions  of  fire  damp  and  coal  ilust 
e  a  similar  effect  in  jarring  and  weakening  the  w alls  and  roof,  and 
assy  regions,  where  small  explosions  of  fire  damp  are  of  frequent 
jrrence,  falls  from  this  cause  may  make  up  a  considerable  percent- 
of  the  total  number.  But  even  in  such  regions  the  use  of  explo- 
s  and  unsatisfactory-  forms  of  lamps  is  generally  the  indirect  cause 
he  fall,  for  nearly  all  explosions  of  fire  damp  are  caused  by  ignition 
n  the  shots  used  in  breaking  out  the  coal  or  from  naked  lights  used 
the  miners. 

1  all  foreign  countries  from  which  statistics  are  available  restric- 
is  in  the  maximum  amount  of  explosives  allowed  to  be  used  have 
only  increased  the  safety  from  explosions  of  gas,  but  have  also 
erially  diminished  the  loss  of  life  from  falls  of  roof. 
he  following  table  shows  the  number  of  deaths  per  1 ,000  men  from 
;  of  roof  and  coal  in  France  for  each  five-year  period  since  1S70: 

bfT  of  mm  killed  front  falls  (f  roof  am/  rtnil  In  Frann  for  rack  1,000  nun  employed, 

1871-1875 1 .  2(1 

1876-1880 05 

1881-1885 88 

1886-1890 62 

1 89 1-1 895 o9 

1890-1900 47 
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The  steady  decrease  in  the  death  rate  from  this  cause  is  note- 
worthy, and  is  undoubtedly  due  largely  to  the  greater  stability  of  the 
sides  and  roof  when  free  from  the  jarring  and  fissuring  effect  of  large 
charges  of  explosives. 

In  Belgium,  results  similar  to  those  obtained  in  France  have  fol- 
lowed the  reduction  of  the  allowed  charges,  as  will  be  seen  from  the 
following  table: 

Number  of  men  hilled  from  falls  of  roof  and  coal  in  Belgium  for  aich  l/MMt  men  anployfd. 

1851-1860 0. 998 

1861-1870 898 

187 1-1 880 708 

1881-1890 661 

1891-1900 512 

1901-1904 406 

In  Great  Britain  and  Germany  the  results  arc  similar  to  those  in 
France  and  Belgium,  and  thus  the  evidence  on  this  subject  is  found 
to  be  consistent,  and  to  point  uniformly  to  the  conclusions  mentioned. 

fatal  accidents  from  gas  and  dust  explosions. 

Gas  and  dust  explosions  form  another  important  cause  of  mine 
accidents.  In  the  United  States  during  1906  11  per  cent  of  all  the 
deaths  in  coal  mines  were  due  to  such  explosions. 

In  general,  explosions  of  coal  dust  and  fire  damp  are  brought  about 
either  by  ignition  from  explosives  used  in  mining  or  from  miners' 
lamps.  Both  of  these  causes  have  received  careful  study  at  the 
foreign  testing  stations,  and  the  result  of  the  legislation  which  has 
followed  is  well  shown  in  Belgium,  where  gas  is  particularly  prevalent 
in  the  mines,  but  where,  through  precautions  resulting  from  the 
study  of  the  ccmditions  that  favor  explosions,  loss  of  life  from  this 
cause  has  been  reduced  to  a  minimum.  The  following  statement 
shows  liow  successful  the  results  in  this  direction  have  been: 

Ntnnhtr  of  mm  killed  from  cjidtf^iotis  (f  fire  dnnip  in  Brhjinm  for  rnrh  IjKfH  vmi 

(inj)I(nj((l. 

18;il-lHU) 0.9(;5      1-S7J    ISSO 0.187 

1841-1850 7i'A      lSSl-1800 :Ui4 

1851-18(;0 428  I   18911900 L'08 

18r)l-1870 :M4  I  1901-1904 O30 

From  this  statement  it  will  be  seen  that  the  number  of  fatal  acci- 
dents resulting  from  the  explosion  of  fire  damp  have  been  so  greatly 
reduced  that  the  present  death  rate  from  this  cause  is  but  one-tenth  of 
that  of  thirty  years  ago.  This  has  been  due*  to  systematic  testing  of 
safety  lamps,  onl}"  those  forms  being  allowed  to  be  used  which  are 
capable  of  withstanding  rapidly  moving  currents  of  fire  damp  imder 
all  conditions  likely  to  be  encountered  in  mines,  and  to  thorough  test- 
ing of  all  explosives  to  determine  the  amount  of  (^ach  which  can  be 
fiivd  \yithout  danger  of  explosions  of  fire  damp  or  coal  dust. 
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Other  causes  of  fatal  aronlcnts  in  <xml  mim^s,  suvh  as  ciefeclivti 
hoisting  iJiachiner\%  suiTocatiou  by  rarbon  (liuxide  or  poisonous  giises, 
collision  of  coal  cars,  and  niany  other  tmuses  of  similar  naturo,  are 
generally  within  the  control  of  the  State  mine  ins  pee  tors,  and  if  a  Sjiif- 
ficleni  nuniher  of  intelHgcnt  and  capable  inspectors  are  provi<ied  acci- 
dents of  this  character  may  be  kept  within  very  close  liinits  without 
great  difficulty. 

NUMBER  OF   MEN    KILLED    FOR    EACH    MILLION    TONS    OF    COAL 

PRODUCED. 

UNITED    STATES. 

Wlien  the  total  number  of  fatal  accidents  in  the  coal  mines  of  the 
United  States  is  considered  with  reference  to  the  numl>er  of  tons  of 
coal  produc^nl,  it  is  seen  that  the  number  of  men  killed  for  each  million 
tons  of  coal  produced  has  not  ciianged  materially  in  the  last  fifteen 
years.  The  following  tabic  sh*>w's  the  number  of  men  killed  in  the 
coal  miners  of  the  United  States  for  each  million  long  tons  of  coal  pro- 
duced in  each  year  since  1890: 

NnmiHT  offfwn  hUl^in  the  mat  mint^  of  tiw  United  Siatfji/fir  tavh  million  lorn  of  coal 

p^odnei!!ld^  by  ymr». 

-,- ......,,..  5.49 

,,... ,,,„..,....,...  fi.20 

.^...... , ,...  0.08 

-......- ,,„. 0.79 

.,- h,m 

11.24 

hAH 

„,,,,.„,.-., 5.57 


ISiO. 

4.97 

]m^ 

ia»! ..,,....,,,... . 

, 7.14 

\m^ 

mn, 

_„....- 6.30 

1J>01 

iwi... 

5.93 

1902 

iSfti ..,.,.... 

6.26 

1903 

iim , 

0.13 

IIKM 

ia9e...._ ..., 

„„__ 6.53 

ims 

ism 

............  6.30 

vmi 

mm... 

.......  5.  :i4 

Considered  in  periods,  the  avera<^e  results  obtained  are  as  follows: 

Xiinihrr  of  mm  killed  in  thr  ronl  imrus  nf  the  United  States  for  eneh  mil  I  ion  tons  of  eoal 

l>r<)dnr((l,  b\j  periods. 

General  average.  IKfMI  190() 5.  9:^ 


1890-1895. 5.  97 

1896-1900 5.  77 

1901-190(i (1.  ()} 

It  is  very  doubtful  whether  natural  conditions  in  any  otlier  country 
in  the  world  are  so  favorable  as  in  tlie  United  States  for  getting  out 
coal  with  the  minimum  amount  of  danger  to  the  workmen  employed. 
The  structural  relaticmships  in  the  principal  coal  districts  of  the 
United  States  are  entirely  fav()rabh\  and  beds  of  4,  5,  and  0  feet  in 
thickness,  lying  in  nearly  horizontal  positions  and  ])rovi(ling  almost 
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ideal  conditions  for  mining,  make  up  a  great^^r  proportion  of  the  coal 
properties  in  active  development  tlian  in  any  othciir  coal-proilucing 
country. 

The  coal  mines  of  the  United  States,  considered  as  a  whole,  are  not 
troubled  by  fire  damp  to  any  greater  extent  than  the  mines  of  most 
other  countries.  The  abundance  and  cheapness  of  timber  in  this 
country  in  the  past  should  also  have  been  factors  of  considerable 
importance  in  reducing  the  number  of  accidents  in  mines,  inasmuch 
as  with  abundant  timber  the  use  of  sufficient  props  to  support  the 
roof  and  sides  would  not  be  prevented  by  the  factor  of  cost. 

But  in  spite  of  all  the  natural  conditions  tending  to  reduce  the 
percentage  of  mine  accidents  in  the  United  States  to  a  low  figure, 
the  accidents  during  the  last  fifteen  years  show  directly  contraiy 
results.  Considered  in  regard  to  the  number  of  deatlis  per  1,000 
men  employed,  the  United  States,  as  has  already  been  pointed  out, 
occupies  a  less  favorable  position  than  any  other  of  the  coal-produc- 
ing countries,  more  than  tliree  times  as  many  men  out  of  eacli  1,000 
employetl  being  killed  as  in  some  of  the  European  countries  that  are 
much  less  favored  in  natural  conditions.  In  regard  to  deatlis  per. 
millicm  tons  of  coal  the  United  vStates  not  only  occupies  a  position 
worse  than  that  of  most  of  the  European  countries,  but  is  also  show- 
ing an  increase  in  the  rate,  whereas  ever}'  other  c^mntry  is  showing 
a  decrease. 

EUROPEAN    COUNTRIES. 

The  following  statement  shows  the  figures  for  Great  Britain: 

Nmnhir  of  men  kilhd  in  the  ronl  mints  of  (i  rait  Britain  far  each  nnllitm  fonJt  of  coal 

profhivol. 

1S74-1SS3 7.  42 

lSS4-IS0:i 5.()A 

ls04-iaoa 4.  70' 

1004 4. -II 

lOOo 4.  »;4 

io(m; 4.  :u 

For  France  the  figures  are  as  follows: 

Ninnhcr  of  nun  k'illnl  in  the  coal  niint.'i  itf  Frnnn  for  rarh  minion  tons  of  vonJ  prodtiC^- 

mH) 5.  55 

im)l 5. 21 

1902 4,  80 

lOOii 4. 20 

1004 4./>5 

1905 4.17 

For  Belgium,  which  is  troubled  with  fire  damp  to  a  greater  extent 
than  any  other  coal- producing  country,  the  figures  are  not  so  good  aj« 
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those  just  given  for  France;  but  even  in  Belgium  better  results  have 
been  obtained  for  the  three  years  1904-1906  than  in  the  rnite<l  States, 
as  will  be  seen  from  the  follovi-ing  table : 

dumber  of  men  killed  in  the  coal  miiuv*  of  Bihjttim  for  lach  milUun  tons  of  coal  protluccd. 

1895 7.70 

1896 (J.  39 

1897 5.77 

1898 7.78 

1899 5.77 

1900 5.9<> 

1901 <>.9a 

1902 <;.  29 

1903 0.  <>8 

1904 5.  ()6 

1905 5.  ()4 

1906 4 .  96 

Prussia  shows  less  favorable  results  than  the  United  States  in 
regard  to  lives  lost  per  million  tons  of  coal,  yet  during  the  last  ten 
^^ears  there  has  been  an  almost  steady  decrease  in  the  number  killed 
per  million  tons  mined,  and  the  number  of  lives  lost  per  1,000  men 
employed  has  also  decreased  from  2.54  to  1.80,  showing  that  the  high 
leath  rate  based  on  amount  of  coal  produced  is  largely  due  to  the 
latural  conditions  existing  in  the*  coal  mines  of  that  countr3\ 

CONCLUSIONS. 

It  has  already  been  stated  that  in  no  countiy  in  the  world  are  the 
latural  conditicms  so  favoral)lc  for  the  safe  extracticm  of  coal  as  in 
:he  United  States,  and  it  has  also  l)ecn  pointed  out  that  in  spite  of 
his  fact  the  number  of  lives  lost  per  1 ,000  men  employed  is  far  higher 
han  in  any  other  coal-producing  country,  and  that  the  number  of 
ives  lost  i>er  million  tons  of  coal  produced  is  exceeded  by  only  one 
)thef  country'.  It  now  remains  to  l)e  shown  that  unless  energetic 
neans  are  taken  to  counteract  this  prevailing  tendency  not  imly  will 
he  death  rate  in  proportion  to  men  employed  and  t<ms  produced 
ncreasc  as  it  has  done  in  the  last  few  years,  but  it  will  increase  at  a 
nuch  more  rapid  rate. 

With  the  depl(»tion  of  the  thicker  and  more  favorably  mined 
;eams  of  coal,  thinner  and  less  regular  seams  nnist  he  worked.  This 
actor  will  imdoubtedly  be  of  the*  greatest  im|)ortance  within  a  com- 
)aratively  few  years,  and  the  natural  residt  would  be  to  greatly 
ncrease  the  death  rate.  Tiie  rising  })rice  of  timber  will  have  the 
'ffect  of  decreasing  the  nuinlxM*  of  wooden  props  used  in  mining,  and 
>robably  will  increase  the  chance  of  accidents  from  falls  of  roof  and 
oal.  Another  im])ort ant  factor  in  the  mines  of  the  United  States  is  to 
\c  found  in  the  nationalitv  of  the  miners.     Most  of  the  men  are  foreign 
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bom,  a  large  proportion  of  them  are  unable  to  understand  English 
freely,  ami  a  still  larger  number  are  unable  to  read  or  write  that 
language.  Some  of  them  are  inexperienced  and  do  not  take  proper 
precautions  either  for  their  own  safety  or  for  the  safety  of  othere. 
This  becomes  a  most  serious  menace  unless  they  are  restrained  by 
carefully  enforced  regidations. 

With  the  mining  of  the  smaller  beds  of  coal  and  the  gradual  develoj)- 
ment  of  properties  worked  with  more  difficulty,  bringing  the  minii^ 
c<mditions  in  the  United  States  more  nearly  to  a  position  of  equality 
with  those  abroad,  a  great  increase  in  the  number  of  accidents  must 
be  expected  unless  proper  steps  are  taken  to  remetly  the  conditions 
that  have  brought  about  the  present  remarkably  high  death  rate  in 
the  coal  mines  of  the  ITnited  States. 

miEVKXTIOX  OF  MIXK  ACCIDKXT8. 

The  successful  results  which  have  attended  efforts  made  in  Eim^- 
pean  coal-pnxhicing  countries  to  reduce  the  dangers  of  coal  mining 
have  already  been  mentioned.  The  most  important  of  the  means 
through  which  these  results  have  been  achieved,  in  the  opinion  of 
the  investigators  who  have  had  the  matter  in  charge,  will  now  be 
considered  and  some  of  the  regidations  governing  coal-mine  opera- 
ticms  in  foreign  countri(»s  will  be  briefly  discussed.  No  mention  fa 
made  herein  of  many  of  the  a(hnirable  ])recauti(ms  taken  in  some  of 
th(»  foreign  mining  districts  for  combating  imfavorable  local  con- 
<litions,  and  many  n^gulations,  such  as  those  in  regard  to  timbering. 
s])a('ing  of  ])ilhirs,  and  widtli  of  rooms  and  entries,  will  be  taken  up  in 
a  hiter  paper. 

SAFETY  LAMPS. 

Th(^  coini^idsorv  use  of  safety  huups  in  mines  liaving  a  (hmgerous 
amount  of  fin*  (hiinp  is  general  in  all  tlie  Kuropean  coal-pnuhieint: 
countries.  Th(»  regulations  on  this  subject  for  (treat  Britain  are  as 
fohows:'' 

Hi  i.K  S.  No  hiinp  or  lii^hl  oiIht  than  a  lockt-d  saf<-ty  lamp  shall  Ix'  allowed  or  Ur«<'<l 
{(I)  in  any  \)huv  in  a  niiiio  in  which  th^n'  is  likely  t<»  he  any  such  quantity  of  inlluin- 
niahh'  jras  a.>  lo  render  tlu'  use  of  nakc'd  lit^ht-- danircmus;  ori6)  in  any  workinjrplaa' 
a])])roa<-hint:  n<-ar  a  place  in  which  lh«*rc  is  likely  t<>  Ik- an  accumulation  of  inllam* 
mahlc  ^as. 

And  when  it  is  necessary  lo  work  the  coal  in  any  ])art  of  a  ventilating  di.^trict  witb 
.sil'ety  hnnps.  it  shall  not  he  allowahle  to  work  the  coal  with  naked  light.s  in  ant'lh'T 
])art  (»f  thesann-  xcntilatin^  district .  situated  hetween  ihe  place  where  FUeh  lam]>si!irc 
hein^'  used  and  the  return  airway. 

Kri.K  U.  Whenever  safety  lam})s  are  used,  they  shall  he  m)  constructed  that  tlu'V 
may  he  rifely  carried  apiinst  the  air  current  ordinarily  prevailing  in  that  part  of  tlu* 
nunc  in  whi<-h  the  lamps  are  for  the  time  heing  in  use.  even  though  such  current  shouM 
he  inllammahle. 

"  Cojil-njincs  rvgulullon  act,  IKST.  paragraph  4l». 
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Tho  law?:*  lit  the  other  cufll-produein^^  countries  arc  similar  in  csseu- 
iftl  partirnlars  tn  those  of  Groat  Britain. 

The  keeping  of  iit  least  twu  safety  lamps  in  all  Jiiines  (whether 
fought  to  l>e  ga^eou^  or  not)  is  al^o  required  in  some  eoun tries;  and 
)^ws  regulating  the  manner  of  h>eking  siifety  himps  and  requiring  that 
M  Iamp.s  shall  be  capable  of  being  so  loeked  by  magnetic  device^i 
ompre-^ed  air,  or  other  means,  as  not  to  be  opened  by  nny  unauthor- 
jted  person,  are  also  in  effect. 

I  The  employment  of  relighting  stations,  at  wliicb  locked  safety  lamps 
^y  be  relighted  in  the  mine  when  they  are  aecid  en  tally  extlnguishedj 
i  permitted  in  several  countries.  In  the  coal-mines  regulation  act  of 
treat  Britain,  rule  10^  it  is  stated  that,  relighting  stationjs  must  not  b^ 
'^  the  return  air  from  any  part  of  the  mine  in  wliich  safety  lamps  are 
iquired  to  be  used,  the  cjljjcct  of  this  provi.sLon  being  to  prevent  tlie 
possibility  of  fire  damp  being  ignited  at  the  relighting  station  and 
^'ising  back  to  the  workings.  In  Belgium  and  Germany  the  lamps 
tt  use  are  equipped  witii  relighting  devices  of  approved  design,  and 
iTe  known  to  be  practically  free  from  danger  of  igniting  fire  damp,  so 
hat  relighting  stations  are  unnecessary. 

Providons  regarding  the  examination  of  safety  lamps  at  regular 
iltervals  by  some  competent  person,  to  see  that  they  are  kept  in  safe 
iundition,  and  regulations  forbidding  the  possession  by  any  unauthon- 
feed  person  of  any  contrivance  for  oj»ening  tlie  lock  of  any  safety 
amp  are  also  generally  in  force  in  France,  Belgium,  Gemiany,  and 
treat  Britain. 

USE  OF  EXPLOSIVES. 

The  various  commissions  which  have  been  appointed  by  Great 
iritain,  France,  Germany,  and  Belgium  for  the  study  of  mining  con- 
itions  have  brought  out  the  fact,  thoroughly  proved  by  experiment 
nd  by  actual  tests  in  mines,  that  certain  types  of  explosives  are  much 
lore  liable  than  others  to  ignite  fire  damp  and  thus  to  cause  gas  explo- 
ions.  This  is  true  whether  we  consider  (1)  a  test  based  on  equal 
^eights  of  the  two  explosives  or  (2)  the  fairer  test  of  such  weights  of 
ach  as  have  equally  powerful  effects. 

Accordingly,  in  all  the  European  coal-producing  countries,  regula- 
ions  have  been  made  forbidding  the  use  of  such  explosives  as  are 
nown  to  be  most  dangerous  in  this  respect,  in  all  mines  in  which  fire 
lamp  is  liable  to  be  present  to  a  dangerous  extent,  and  requiring  the 
ise  in  these  mines  of  such  explosives  as  have  been  proved  to  be 
easonably  free  from  the  danger  of  igniting  explosive-gas  mixtures. 

The  order  regulating  the  use  of  explosives  in  Great  Britain  contains 
he  following  provisions: 

in)  In  all  coal  mines  in  wliirh  inflainnuil)lo  gas  has  been  found  within  the  previous 
hree  months  in  such  quantity  as  to  he  indicative  of  danger  no  explosive,  other  than  a 
•ermitte<l  explosive  as  hereinafter  defined,  shall  l>e  used  in  or  taken  for  the  purpose  of 
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use  into  the  seam  or  Heams  in  whii-h  the  gaa  has  been  foinui  or  any  sliaft  or  drift  cum- 
municating  therewith  which  is  in  pnH-ess  of  1>eing  (ieepened  or  sunk,  or  l)eing  dri\'en, 
as  the  fa«e  may  l>e. 

(b)  In  all  coal  mines  which  are  not  naturally  wet  thnmghout  no  explosive,  other  than 
a  permitted  explosive  as  hereinafter  defined,  shall  l)e  used  in  or  taken  fiir  the  purpose 
of  use  into  any  road  or  any  drj-  and  <lusty  part  of  the  mine,  or  any  shaft  or  drift  nmi- 
municating  therewith,  which  is  in  jmH-essof  being  deeiKjned  or  sunk,  or  being  driven, 
as  the  case  may  Ihj. 

The  ''permitted  explosives"  to  vvliich  reference  is  made  are  those 
expk)sives  which  have  been  found,  after  testing  at  the  Government 
experiment  station,  to  be  capable  of  beinjr  fired  in  an  explosive-tras 
mixture  without  causing  the  ignition  of  the  gas.  A  *'list  of  pe> 
mitted  explosives"  is  kept,  including  all  those  explosives  that  answer 
the  recjuired  test,  and  all  explosives  used  in  mines  that  are  dangerous 
because  of  gas  or  coal  dust  must  be  selected  from  this  peniiitted  list, 
wliich  now  includes  more  than  fifty  explosives. 

Similar  restrictions  in  the  use  of  unsafe  explosives  were  enforced  in 
Great  Britain  in  the  coal-mines  regulation  act  of  1887,  and  control  of 
like  kind  is  exercised  in  France,  Belgium,  and  Germany.  In  all  these 
countries  the  restriction  of  unsafe  explosives  has  caused  the  develop- 
ment of  "safety"  explosives,  which  have  proved  greatly  superior  to 
those  previously  in  use.  The  stinudating  effect  thqj  the  restriction 
of  the  more  dangerous  types  of  explosives  has  had  on  the  invention 
and  testing  of  safety  explosives  is  well  shown  by  the  number  of  safety 
explosives  devised  each  year.  Thes(»  explosives  are  as  satisfactoiy 
in  every  res])ect  as  the  common  ])ow<l(^r  ])reviously  in  use,  and  yet  are 
free  from  most  of  tlie  danger  of  ({Uisin;^  mine  explosions,  inseparably 
connected  witli  the  use  of  the  older  e.\j)l()sives.  Several  of  the  newer 
explosives,  for  example,  have  been  found  to  be  incapable  of  ignitin|; 
an  explosive^  mixture  of  fire  damp  and  air,  even  when  the  charge  of  the 
explosive  is  700  grams;  whereas  as  little  as  30  grams  of  the  older 
explosives  woulil  invariably  cause  an  explosion  of  lire  damp. 

In  Bclgiinn,  o\\  ing  to  the  greater  amount  of  lire  damp  present  in  the 
mines  of  that  country,  a  furtluM'  n^striction,  known  as  the  charge  limit, 
has  also  Ixm'U  ])ut  in  force.  Through  tliis  n\striction  the  maximum 
amount  of  any  explosive  which  is  allowcHJ  to  b(»  used  in  any  single 
charge  is  defined.  The  actual  amount  allowed  varies  according  to  the 
relative  liability  of  the  explosive^  to  ignite  lire  daitip,  but  with  all  the 
better  class  of  explosives  it  is  wcdl  abovt^  I  lie  amount  needed  for  us(^  in 
a  single  charge  under  ])roj>er  mining  conditions. 

Thes(»  restrictions  in  tin*  kind  and  amount  of  explosives  have  yielded 
an  additional  benefit  in  the  fact  that  tl)(^  reduction  in  the  amount  used 
not  only  reduces  the  number  of  accidents,  l)ut  also  to  a  large  degree 
])re vents  coal  waste.  The  mincM*  linds  that  with  the  restricted  amount 
of  explosive  allo\v(Ml  it  is  necessary  to  mine  by  nu\chine  or  haml  in 
order  that  the*  exj)losive  may  ])roduc(*  tlu^  coal,  and  a  larger  ])er  cent 
of  Jump  coal  is  conseciuently  produced,     lie  also  finds  that  the  proi>s 
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for  suppurtinj:^  the  roof  can  Ik*  set  closer  to  the  face  of  tlie  workinga, 
thi*  snmller  ftiiiijuut  of  explosive*  hoin^  less  lifiblf?  to  knock  tht^in  down. 
The  niiner  in  thb  manner  socun^a  greater  protectiou  through  the 
iju^ri'&sisl  sj  up  port  of  the  roof. 

The  import anco  of  this  work  in  regard  to  i\w  prf^vention  of  aeci- 
dtMiti*  from  explosives  has  Invn  well  sumniarizf*d  by  V.  Watti^ynftp 
chief  engineer  of  the  adminisi ration  of  niineSj  Belgium,  as  follows: 

Thr  urn?  ni  i^xpludx^'n  i^,  antl  t*??[u?<uiiny  wiw.  tho  print.' i pal  ivkUM"  fif  thvngor  oi  **xfjlr>- 

fion  in  tlirinincH.     U  i«  thiHcautfit  whiih^  prt^vimia  tn  1H1H>,  Ucfitrr  tho  gt'm^pftli station 

of  ^fc'ty  t'xpJ^ipivi-^  ami   before  the  uhi' nf  espldsivt*  of  tvr^ry  (ii^BtTijiLiuii  luul  lit^eii 

,Ii"rhi^f?d  b>*  variriusi  mtmnii  Ui  a.  mmhimm,  Umti^ht  iibi>iit  rlfwHy  catiistrophfi!*.     W'ithla 

Ibc  dtt-*L*miiii!  jx^ri*"!  1KS0-1HS9  tin*  injiJilH-T  of  v^flijne  af  i^nitioiip  chubwI  hy  tl^i.*  \i«o 

of  oX|)iti^ivi'fi  n'urhf^i  UO  p**r  rent  uf  the  total  number  qI  %nclime  nf  c'X  pit  wins  in  minra. 

ft  may  l>e  aj^kt^l,  Wliai  l^  tlw  n^asiivn  hit  such  a  pri'f)'iiuir^j'Vinct\  tonMiflt^rinjtr  That  l\w 

numti^rof  Hghli^  intrr>durt'd  into  the  itiiiu*  l>y  the  lighrnig  uppiimtus^  ijs  fnr  gr**at<*r  than 

Ft  ho  rtijmhf»r  *»f  ah*>tj*?     Tl  wouh!  l>e  ttm  Vmg  Uj  i>xainini'  hiT«i  in  ^h'tnil  \\\i'  <  buj^**  of  the 

gn*au«t  dan^tT  of  fX]>liit^iVf«B,  tint  wt>  will  mention  Iho  print  ipul  ont*s  \n  a  few  words. 

Dn  onr  banrl  th«^  gaf*'ry  lamp*  tlwni^h  srill  impcrff^rt,  hi*?  at'<]uin'ri  a  fuir  d<'|?rcfl  nf 

iniety;  en  ihr  otinfr  hand,  tho  flameof  alivmp.  evifn  'wiit^n  umn>veri'd,ran  nnt  ignile  a 

fin^ljEunp  mi j( lure  nrilc*?^  iu  propjrtion  of  firt?  damp  he  vi^ry  high,  suy  fil  Ui  7  pt^r  cmt, 

I'  a  ppipi»n»<'n  whit^h  the  i»3*VM*(*r  of  the  llaino  h*^fmyiH  in  a  vory  appari-nt  nianniT  a  long 

\\  lime  biifort*;  in>r  ean  iMj^nili*  a  mixture  of  dust.    Ttie  iT^te  i^  dilTeF*?ut  wilh  the  vlt^ 

Irnt  Ham<^  raiified  hy  iht*  fXploHicin  of  eharges,  for  tht^p  iin*  not  only  liiihlr'*  by  tho 

I  ihtick  tUey  pnj^lncf'  in  fhf  atitiojfiphere  of  the  wnrkini^^,  u*  call  httih  \u  t\w  dan^^mnia 

I  |ir)inf  an  unexpoci^d  tush  of  fire  tlamp,  hut  they  can  igniti*  ihe  rloudi?  <>f  dust  whirh 

thw  vr»ry  mmmotkin  has  raii^c*!,  au<i  in  this  %'dy  can  hriTjg  about  terrible  caia^trypheu, 

whiU'  in  ci.ins«<|ut<iiC6  uf  the  app4r««nt  abaeQce  of  lire  dau^i  unr^  may  think  hlmsdlf 

The  endeavors  made  after  1887,  in  consequence  of  disa»«^trou8  explosions,  to  reduce 
the  danger  of  explosives  have  brought  about  a  very  sensible  reduction  of  the  number 
of  the  victims  of  blasting.  Thus  within  the  following  decennial  period,  from  1890  to 
1899,  in  spite  of  the  awful  accident  of  Anderlues,  which,  in  1892,  ma<le  160  victims, 
the  total  number  of  men  killed  by  mining  explosions  in  Belgium  has  been  reduced  to 
258,  from  the  previous  figure  of  455,  the  proportions  of  victims  of  ignition  by  the  use 
of  explosives  having  fallen  to  2:i  ])er  cent. 

In  connection  with  tho  foregoing  statement  the  following  table  will 
prove  of  interest,  sho\ving  the  remarkable  increase  in  the  use  of  safety 
pow^der  in  Belgium  during  ton  years,  ooincidont  with  the  decrease  in 
the  use  of  black  blasting  powder  for  the  same  period. 

Use  of  safety  explosives  am/  hlncJ:  bhislimj  powder  in  the  coal  tnines  of  BeUjium. 
Y.'i.  r. 


1895. 
1807. 
1899. 
1901. 
1903. 


Safety 
('.\plosi"v«'S. 

Black  pow-. 
der. 

1  Kilograms. 
'          ,S().7>0 

Kiloorams. 
«W9.344 

12H.S70 

557,<M)0 

ITC).  4  "10 

4rM.  {'AH 

247.S41> 

442. 780 

3W.S21 

4ir).2U2 

It  should  be  further  noted  that  the  black  powder  was  restricted  to 
mines  not  containing  lire  damp. 
20992— Bull.  333— ()7 2 
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STORAGE  OF  EXPLOSIVES. 

Regn^ilations  governing  the  storage  of  explosives  for  use  in  c^al 
mines  are  in  general  effect  in  Euro[>ean  coal-prodiicing  countries,  and 
provide  that  no  explosive  suhstance  shall  be  stored  in  the  mine,  that 
no  explosive  shall  be  taken  into  a  mine  except  in  canist<*rs  containing 
not  more  than  5  pounds,  and  that  no  unused  powder  shall  be  left  in  a 
mine  over  night.  The  amount  of  powder  in  the  possession  of  a  work- 
man at  any  one  time  is  also  limited,  and  the  amount  which  can  be 
taken  into  a  mine  is  usually  restricted  to  that  which  will  be  used  in  one 
shift. 

SHOT  FIRERS. 

Regulations  enforced  in  Great  Britain  pro\nde  that  in  all  mines  in 
which  inflammable  gas  is  present  or  has  been  found  in  dangerous 
quantities  within  tlie  previous  three  montlis  all  charges  of  explosives 
shall  be  fhcul  by  a  competent  person,  termed  a  shot  firer.  The  object 
is  to  i)lace  responsibility  in  the  hands  of  men  better  qualified  for  the 
work  than  tlie  average  miner.  The  shot  flrer  begins  his  work  after  the 
miners  have  left  for  the  ihiy,  each  miner  before  leaving  having  pre- 
pared a  number  of  holes  in  siicli  |)laces  as  he  wishes  charges  to  be  fired. 
The  shot  firer  charges  the  hol<\s  with  exi)lo.sive  and  tamps  and  fires  the 
charges. 

It  will  be  seen  that  by  this  method  the  charges  are  fired  at  a  time   | 
when  but  few  men  are  in  tlie  mine,  and  that  accordingly,  if  a  fire- 
damp (explosion  occurs,  fewer  lives  are  lost  than  if  the  miner  fired  the 
shots  at  a  time  wh(Mi  otlwM'  miners  were  in  the  workings. 

Still  nnother  factor  of  greater  imj)ortanco  is  that  the  shot  lircr. 
thrnuirh  con-^tant  (»xj)(^ricncc.  soon  l)cc<)nics  used  to  the  j)roper  use  of 
expl(>siv(»s.  i\iu\  aNo  learns  to  eharirc  the  holes  and  fire  them  in  the 
safest  way  possible.  The  shot  lirer  is  also  free  from  the  templalioii  to 
us(»  e\re>xive  ehartres  in  tin*  desin^  to  irct  out  a  great  amount  of  coal 
with  \\w  least  possible  ell'ort.  It  i>  well  known  to  all  persons  exjx^ 
rieneed  in  eojil  uunini:  that  ovcMcharL^iuir  of  holes  and  mining  hy 
means  of  larirc  shots  fire(l  in  the  solid  mass  of  the  coal  bring  ahout 
many  lire-damp  and  eoal-du^t  (\\j)losions. 

At  the  j)resent  time  s(»veral  eh^etrieal  >hot-liring  devices  are  being 
tested,  with  Some  promise  of  (^frccting  a  considerable  saving  of  life. 
The  main  j)rinciple  of  thesc^  devices  is  thc^  firing  of  the  charges  one 
after  another  at  pro]>er  time  intervals.  As  already  stated,  the  iiringof 
tlie  charges  takes  plac(^  after  the  miners  have  left  for  the  day,  and  the 
entire  operation  of  the  devices  is  autonuitic.  It  is  of  course  necessar}', 
after  tlu^  charges  are  iivcd.  ti>  have  some  one  examine  each  room  in 
whi(d\  a  shot  has  l>een  lire<l  to  see  that  conditions  are  normal,  and  that 
no  feeders  of  gas  have  l)ecn  ignit(Ml  which  might  start  a  mine  lire.  The 
use  of  shot-firing  devices  or  some  other  means  equally  safe  is  recpiireJ 
))y  regulation  in  (ireat  Britain. 
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MATERIALS  USBD  FOR  TAMPIHG. 

Tb<^  use  of  drill  dust,  slack  coal,  or  other  inflammable  material  for 
lamping  is  forbidden  in  European  coal-producing  countries,  it  having 
Ibeen  foun*l  that  gas  and  coal-dust  explosions  are  more  likely  to  occur 
^hen  such  materials  are  used.  The  laws  of  Great  Britain  compel  the 
bse  of  clay  or  like  substance  for  tamping-  The  material  is  Jclivered  to 
the  miuer  near  the  working  place- 

I  WATERED  20NES, 

The  watering  of  the  sides  and  roof  of  coal-niine  passageways  has  been 
i\  to  be  of  material  benefit  in  preventing  local  ignitions  of  coal 
from  becoming  gene  rah  The  watering  prevents  the  coal  dust 
tfom  being  stirred  up  by  a  small  explosion^  and  the  reduction  in  the 
Explosive  properties  of  the  wet  foal  dust  has  the  general  elfect  of  pre- 
l^nting  an  explosion  from  traveling  into  other  workings.  As  dust 
Implosions  gain  in  destructive  effect  the  farther  they  travel,  it  is  be^ 
lieved  that  the  thorough  watering  of  zones  greatly  reduces  the  tlestruo- 
iive  effect  of  such  expk>sions. 

\  The  watering  is  effected  by  means  of  sprinkling  or  spraying  devices 
iof  various  kinds.  Specially  constructed  nozzles  are  in  use,  particu- 
larly" in  (lermany,  which  produce  a  fine  spray  or  mist  by  meaniu  of 
%ater  under  pressure,  so  that  the  air  is  thoroughly  moistened. 
\  An  English  commission  has  lately  pointed  out  that  sprinkling  may 
produce  a  local  weakening  of  the  walls  in  some  placi^s,  and  the  possi- 
bility of  a  slight  increase  in  falls  must  accordingly  be  weighed  against 
the  advautagea  given  by  the  protection  from  dust  explosions. 

AID  TO  THE  INJURED. 

The  mining  regulations  of  Germany,  France,  and  Belgium  require 
that  mines  shall  be  supplied  with  moans  for  administering  to  the 
comfort  of  injured  workmen  and  that  proper  appliances  shall  be  pro- 
vided for  first  aid. 

Rescue  devices  equipped  with  small  tanks  of  compressed  air  or 
compressed  oxygen,  or  with  sonu*  chemical  appliance  for  generating 
a  supply  of  oxygen,  so  as  to  (Miable  a  person  to  enter  mine  workings  in 
which  an  irrespirable  atmosphere  is  present,  are  required  in  some 
countries.  By  the  aid  of  such  a])])aratus  rescue  parties  may  enter  the 
mine  workings  immediately  after  a  iin»-(hmip  chsaster  and  rescue  in- 
jured miners,  who  would  otherwise  soon  fall  victims  to  the  poisonous 
atmosphere  surrounding  them.  Aline  fires  started  by  the  ignition  of 
feeders  of  fire  damp  may  be  brought  under  control  much  more  easily 
when  immediate  efforts  are  made  to  combat  them  by  men  ecj nipped 
with  rescue  devices. 
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ENFORCEMENT  OP  REGULATIONS. 

In  all  European  countries  the  enforcement  of  reflations  in  regard 
to  coal-mine  operations  is  placed  in  the  hands  of  specially  appointed 
officers  or  mine  inspectors  familiar  with  the  industry  and  able  to 
examine  mining  conditions  intelligently  and  see  that  the  mining  laws 
are  obeyed. 

To  insure  compliance  with  the  regulations,  penalties  are  provided 
in  case  of  noncomi)liancc,  and  these  penalties  fall  on  the  miner  or 
the  operator,  or  l)oth,  according  to  the  nature  of  the  violation.  An 
injunction  restraining  the  further  operation  of  a  mine  until  the  laws 
liave  been  obeyed  is  a  further  means  in  the  hands  of  the  mine  in- 
spector for  insuring  the  enforcement  of  the  law  when  the  step  is 
found  necessary. 

STUDY  OP  MINING  CONDITIONS. 

England,  Gennany,  and  Belgium  maintain  experiment  stations 
where  explosives  are  tested  and  where  safety  lamps,  rescue  appliances, 
and  all  other  devices  for  use  in  mines  may  be  examined,  in  France 
similar  work  is  d(me  by  commissions  wliich  are  appointed  from  time 
to  time,  and  in  other  Europc»an  countries  there  are  permanent  sta- 
tions. It  lias  nlrt»ady  been  pointed  out  in  this  paper  that  concu^ 
rently  with  the  estnblishinent  of  tlie  experiment  station,  mine  condi- 
tions b(»gin  to  sliow  the  iniprovemont  that  is  so  marked  a  feature  of 
the  statistics  liero  presented.  Safety  hmips  grc^atly  superior  to  those 
]>revi()ii.sly  in  use  were  niaiiiifactunul  as  soon  as  the  defects  of  the 
earlier  forms  wwr  pointed  out  at  th<*  experiment  statitms,  and  the 
dev<d(>|)ment  of  improved  forms  of  rescue  appliances,  electrical  firing 
(levi<*<'s,  and  many  other  nutans  of  ixiviiiij  incnuised  safety  to  mine 
workers  have  l)(»en  inseparably  connect (m1  with  the  stinndus  given  by 
these  stations. 

lnv<'nlors  have*  be(Mi  encouraircd  by  th(»  knowledge  that  the  actual 
merits  of  any  im|)rovement  thev  mi^rht  make  could  be  detenninoil 
at  the  testinu:  station,  and  at  the  same  time  mine  owners  have  hcen 
able  to  s<'(»  the  results  of  Ihorouirh  t(\sts  of  all  new  devices,  and  to 
choose  types  of  safety  lam|)s.  rescue  appliances,  and  other  device:^, 
with  a  full  knowl(Ml<re  of  th<Mr  working  under  actual  niinins:  condi- 
tions. 

The  experiments  thus  made  have  be<'n  of  general  benefit,  and, 
asiih*  from  reducing  tlu*  death  rate  from  accidents  in  mines  to  a  very 
low  iijrnre,  they  hav(»  l)een  the  ukmuis  of  l>rin,<rinfr  about  improve- 
ments in  operation  that  have  l)een  a  substantial  advantage  to  both 
mine  workers  and  mine  owners. 
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Till?  statistics)  relating  to  mm©  accidents  in  tbe  United  States  for 
10  years  1905  aiiH  KHM  are  taken  from  **The  production  of  coal  in 
aoe,'*  by  E.  W.  Parker,  of  the  United  States  Ocologieal  Surrey, 
ha  stntbties  relating  tn  nime  accidents  in  the  United  States  for  a 
pnber  of  years  previous  to  1905  art*  dorived  from  tablets  prepared 
f  F-  L,  Hoffnian,  expert  mining  statistician,  and  printed  in  the 
ftcenth  annual  report  of  the  Tennesset*  mining  department. 

Aekninv]ed^ment«  are  due  to  Mr  William  Caineron,  United  Stfttes 
line  inspector  for  Indian  Territory,  Mr,  Jo,  E,  Sheridan,  United 
tates  niine  in.sp<*ct4»r  for  Now  Mexico,  and  many  other  State  mine 
ispectors,  for  imtnerous  favors  and  suggestions  rcc-civcd  during  the 
Titers'  \isit  to  tlie  mining  districts  under  their  supervision  j  also 
Q  Capti  J,  II-  Thompson,  chief  inspt*cU>r  of  explf»sivcs  of  Great  Brit- 
,in,  and  to  Mr.  V.  Watteyne,  chief  engineer  of  the  administration  of 
nitieiis^  Belgium,  for  many  kind  favors  ext-ended  during  the  recent 
fiat  to  foreign  teMing  stations. 

ITie  statistics  of  nun^  acciilents  in  Belgium  are  taken  from  ^*  AnnaW 
fes  mines  de  Belt^que"  or  from  *'Ijes  lampcs  de  surety  et  les  expkv 
'fikf'^  by  V,  Watteyne,  The  figures  stated  for  France  are  fmni  '*Sta- 
^istic^ue  de  rindustric  minerale  en  France  et  en  Algi^rie.- '  The  sta- 
:istics  tor  Prussia  are  from  the  *'Zeitsrhrift  fur  das  Berg-,  Iliitten-, 
intl  Salinen-Wesc^n  ini  preusssischen  Staate,"  The  statistics  for  Great 
Britain  were  taken  from  ''General  reports  and  statistics,  n lines  and 
luarries/'  The  tables  relating  to  accidents  from  falls  of  rock  and 
^al  are  mainly  from  **Der  Verhandlungen  und  Untersuchungen  der 
Preussischen  Stein-  und  Kohlenfall  Commission;'*  and  some  general 
'tatistics  of  mine  accidents  were  also  obtained  from  that  work. 

The  general  excellence  of  the  European  reports  is  especially  note- 
vorthy,  and  the  complete  and  careful  classifications  adopted  by 
hem  have  greatly  assisted  in  the  preparation  ot  this  report. 
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THE  BURNING  OF  COAL  WITHOUT  SMOKE 
IN  BOILER  PLANTS. 


By  IX  T.  Randall, 


INTBODUtrnOK. 

The  technologic  hninch  of  thu  IhiitiHl  States  Geological  Survey  has 

*it  coiHluctiiig  inwstigsitloiis  to  deteniiine  the  Ixss^t  int^thotl  of  utiliz- 
g  the  coals  of  the  United  States.  The  law  under  which  this  work 
IS  Wn  caiTied  on  aini^  to  inci^^aso  the  efficiency  and  to  prevent  the 
aste  of  these  fuelw,  especially  f^uch  as  are  used  by  the  United  States 
overnment.  It  i-^  a  recognised  fact  that  the  more  nearly  |>erfect  the 
milni^tioii  of  an}"  fuel  the  greater  is  its  efficiency.  With  |XM'fect 
)mbustion  there  is  no  smoke.  In  view  of  the  need  for  more  complete 
^formation  on  the  conditions  favorable  to  the  burning  of  coal  with 
Jonomy  and  without  objectionable  smoke  in  boiler  furnaces,  extended 
«ts  have  been  made  at  the  fuel-testing  plants  at  St.  Louis,  Mo.,  and 
orfolk,  Va.  The  results  of  the  St.  Louis  tests  are  summarized  in 
le  present  paper,  which  has  been  prepared  by  the  author  as  engineer 
1  charge  of  smoke-abatement  investigations.  In  addition  to  this 
ork  a  number  of  commercial  plants  in  the  larger  cities  have  been 
ispected  to  ascertain  what  are  the  best  methods  now  in  use,  and  the 
formation  thus  obtained  w^ill  be  published  in  a  later  bulletin. 

GEKERAIi   CONDITIONS    IN    TIIK    UNITED    STATES. 

The  prevention  of  objectionable  smoke  in  the  manufacturing  and 

usiness  centers  of  large  cities  is  a  problem  that  can  not  be  easily 

)lved.     At  present   no  city  in   w^hich   a  considerable  quantity  of 

ituminous  coal  is  burned  is  free  from  smoke.     The  cities  of  the  East 

ave  avoided  this  problem  by  a  general  use  of  the  smaller  sizes  of 

ithracite  coal.     For  this  reason  it  is  not  surprising  that  the  greatest 

iprovement  in  the  methods  of  burning  bituminous  coal  has  been 

ade  in  the  Central  and  Western  States. 
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6  THE   BURNING   OF   COAL   WITHOUT   SMOKE. 

Stoves,  ranges,  house-heating  boilers,  and  hot-air  furnaces  are  as 
a  rule  intended  for  the  use  of  anthracite  coal  or  coke.  Whenever 
bituminous  coal  is  burned  in  such  furnaces  i^U  the  principles  of  com- 
bustion are  violated  and  smoke  results.  The  supply  of  anthracite 
coal  is  limited,  and  except  for  domestic  purposes  such  coal  is  little 
used  outside  of  the  territory  adjacent  to  the  mines.  The  larger  cities 
of  the  Eastern  States,  which  consume  practically  all  the  available 
supply  of  the  smaller  sizes  of  anthracite  coal  for  power  and  heating 
purposes,  now  find  it  necessary  to  supplement  this  fuel  with  a  con- 
siderable tonnage  of  bituminous  coal.  Except  the  power  generated 
by  waterfalls,  nearly  all  the  heat  and  power  used  in  the  United  States 
are  obtained  from  the  burning  of  coal.  It  is  evident,  then,  that  for 
the  most  part  this  country  must  depend  on  its  bituminous  coal  for 
manufacturing,  railroad,  and  power-plant  purposes.  This  means 
that  we  must  improve  our  usual  methods  of  burning  bituminous  coal 
or  continue  to  suffer  from  the  loss  in  economy  and  smoke  resulting 
from  imperfect  combustion. 

There  are  now  three  general  methods  of  utilizing  coal — in  steam 
boiler  and  other  furnaces,  in  gas-producer  plants,  and  in  by-product 
coke  plants.  Of  these,  the  last  two  methods  ai*e  readily  operated  to 
produ(.*e  heat  or  power  without  smoke,  but  at  the  present  time  such 
plants  are  not  numerous  and  consume  only  a  small  portion  of  the 
coal  that  is  used  in  this  countiy.  It  is  predicted  by  persons  who  are 
enthusiastic  regarding  the  economy  and  smokelessness  of  these 
methods  that  they  will  in  time  be  used  exclusively  for  the  production 
of  heat  and  power  in  all  our  large  cities. 

It  has  been  demonstrated  at  the  fuel-testing  plants  of  the  Geological 
Survey  that  bituminous  coal  of  all  grades  can  be  burned  in  a  gas 
producer  without  smoke,  generating  a  gas  which  when  used  in  a  gas 
engine  furnishes  j)()wer  with  much  greater  economy  than  is  usual 
in  steam  plants.  With  good  grades  of  coal  mined  in  the  Eastern 
States  a  horsepower  can  1h'  giMierated  with  about  1  j^ound  of  coal. 
One  of  the  most  important  facts  in  connection  with  the  gas-producer 
plant  is  that,  besides  being  smokeless,  it  will  utilize  coals  so  high 
in  ash  as  to  be  unsuitable  for  boiler  furnaces.  The  lignite  coals  of 
the  West  arc  also  particularly  well  adapted  for  use  in  the  producer, 
though  they  are  considered  much  inferior  to  bituminous  coal  for 
boiler  furnaces.  About  fifty  producer  plants  are  now  in  operation 
in  the  United  States,  burning  bituminous  coal.  Interest  in  such 
plants  is  increasing,  and  many  new  ones  are  being  planned,  ranging 
in  capacity  from  500  to  10.000  horsepower  each. 

That  the  coal  supply  is  being  wasted  in  many  ways  is  a  fact  that 
has  been  freciuently  brought  to  the  attention  of  the  public.  One  waste 
results  from  the  ordinary  methods  of  manufacturing  coke,  in  which 
all  of  the  gas  from  the  coal  is  allowed  to  escape  into  the  air.    This 
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loss  has  led  to  the  installation  of  a  few  by-product  coke  plants  in 
which  coke  is  made  and  the  resulting  gas  is  piped  to  points  where 
fuel  is  needed  and  there  consumed.  Other  valuable  products  from 
the  distillation  of  coal  are  also  obtained.  These  plants,  furnishing 
both  coke  and  gas  as  fuel,  constitute  a  considerable  factor  in  the  pre- 
vention of  smoke  in  the  cities  near  which  they  are  located,  as  both 
fuels  are  burned  readily  without  smoke  for  domestic  purposes  and 
for  manufacturing  industries  requiring  heat  or  power.  The  conven- 
ience and  cleanliness  of  these  fuels  will  probably  lead  to  an  increase 
of  their  production  and  use. 

It  is  reported  that  there  are  30  by-product  coke  plants  in  this  coun- 
try, with  a  total  of  more  than  3,000  ovens,  using  nearly  20,000  tons 
of  coal  a  day.  It  is  estimated  that  these  plants  manufacture  daily 
more  than  50,000,000  cubic  feet  of  gas.  The  following  are  some  of 
the  cities  near  which  they  are  located :  Chicago  and  Joliet,  111. ;  Mil- 
waukee, Wis. ;  Duluth,  Minn. ;  Detroit  and  Wyandotte,  Mich. ;  Ens- 
ley  and  Tuscaloosa,  Ala.;  Chester,  Dunbar,  Everett,  Lebanon,  Sha- 
ron, and  Steelton,  Pa.;  Wheeling,  W.  Va.;  Buffalo,  Geneva,  and 
Syracuse,  N.  Y. ;  Cleveland  and  Hamilton,  Ohio. 

In  many  manufacturing  plants  furnaces  that  were  formerly  fired 
with  coal  are  now  using  crude  oil,  natural  or  manufactured  gas,  coke, 
or  coal  burned  on  automatic  >stokei's.  All  these  methods  are  giving 
good  results  in  preventing  smoke. 

CITY  ORDINANCES  FOR  SMOKE  PREVENTION. 

With  the  knowledge  that  it  can  be  prevented,  there  has  come  an 
increasing  demand  from  the  [)eople  of  the  large  cities  that  smoke 
shall  not  be  allowed  to  pollute  the  atmosphere.  This  is  true  not  only 
of  the  United  States,  but  also  of  most  European  (countries.  For  ex- 
ample, the  importance  of  burning  bituminous  coal  economically  and 
without  smoke  led  the  Prussian  government  some  time  ago  to  furnish 
traveling  instructors  at  an  expense  of  alx)ut  $10,000  a  year  for  the 
training  of  firemen  throughout  the  State,  licenses  being  given  to  com- 
petent firemen.  There  are  also  in  Prussia  a  number  of  boiler-super- 
vision societies,  which  employ  skilled  firemen  to  direct  the  work  done 
by  the  regular  employees  of  the  plants  owned  by  members  of  the 
society. 

In  nearly  all  cities  of  the  United  Staters  efforts  are  being  made  to 
abate  the  smoke  given  off  by  manufacturing,  steam-boiler,  and 
domestic  furnaces  in  which  bituminous  coal  is  burned.  As  a  result  of 
the  demands  of  the  public  the  ordinances  of  some  of  these  cities 
require  that  all  new  plants  be  equipped  properly  and  that  old  ones 
be  remodeled,  and  permits  are  now  necessary  for  the  installation  of 
all  boilers  and  furnaces.    Most  ordinances  define  the  d^gcefe  ol\^a.O«L- 
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ness  of  smoke  which  constitutes  a  violation  of  the  law.  In  general,  it 
may  be  said  that  in  this  country  the  only  excuse  recognized  for  black 
or  dense  gray  smoke  is  that  the  fires  are  being  built  or  cleaned,  but 
no  such  excuse  is  valid  in  many  of  our  cities.  The  conditions  in  a 
number  of  the  larger  cities  of  the  United  States  are  about  as 
follows : 

The  Baltimore  ordinance  contains  a  clause  which  practically  ex- 
cepts the  manufacturing  plants  of  the  city.  Cases  brought  into  court 
were  dismissed  on  account  of  defects  in  the  ordinance,  and  an  attempt 
is  being  made  by  the  smoke-abatement  league  to  secure  the  enactment 
of  one  that  will  be  more  effective.  There  are  on  record  about  660 
steam  plants  in  Baltimore,  not  including  heating  plants.  Of  this 
number  only  12  are  equipped  with  automatic  stokers. 

The  Buffalo  ordinance  is  not  effective,  as  it  simply  declares  the 
emission  of  large  quantities  of  smoke  to  be  unlawful.  In  addition  to 
the  work  of  the  smoke  inspector,  active  efforts  to  improve  the  condi- 
tions have  been  made  by  the  Society  for  Beautifying  Buffalo. 

The  Chicago  ordinance  makes  it  unlawful  to  permit  dense  smoke  to 
escape  from  any  furnace  except  for  six  minutes  of  each  hour  during 
the  time  when  fires  are  being  started  or  cleaned.  Members  of  the  City 
Club  of  Chicago  have  taken  an  active  interest  in  the  suppression  of 
smoke.  There  has  recently  been  a  reorganization  in  the  smoke  in- 
spector's office  and  a  conmiittee  of  engineers  has  been  appointed  to 
assist  and  advise  with  that  official.  The  following  is  a  partial  list  of 
the  equipment  installed  in  Chicago :  Plants  with  chain-grate  stokers, 
70;  with  overfeed  stokers,  40;  with  underfeed  stokers,  12;  with  special 
hand-fired  furnaces,  40.  In  addition  lo  these  there  are  many  small 
l^lants  e(|uii)ped  with  steam  jets  and  other  appliances. 

The  Cincinnati  ordinance  establishes  a  standard  for  density  of 
smoke  permit  ted  and  allows  a  period  not  exceeding  six  minutes  in  any 
Iiour  (luring  which  the  fires  are  started.  During  the  past  year  citizens 
of  Cincinnati  have  formed  a  snioke-ahatenient  league  and  by  public 
subscription  raised  a  fund  to  pay  the  salary  of  a  smoke  inspector  work- 
ing under  th(»  league's  direction.  The  city  smoke  insj^ectors  office  has 
been  reorganized  and  a  number  of  suits  regardmg  fines  for  allowing' 
stacks  to  smoke  are  pending  in  the  courts.  Action  on  other  plants 
has  been  withheld  until  these  cases  are  settled.  The  furnace  equip- 
ment in  Cincinnati  is  as  follows:  Down-draft  furnaces,  90;  other  fur- 
naces, 5:  inclined-grate  stokers  (a)  side  feed,  118;  (6)  front  feed,  ^t): 
(c)  underfeed,  81);  automatic  steam  jets,  hand  fired,  48;  steam  jet>. 
not  autonuitic.  luind  fired,  247. 

The  Cleveland  ordinance  ext^^pts  })rivate  residences,  but  dense  gniy 
or  dense  black  smoke  fi'om  other  furnaces  is  declared  to  be  in  viola- 
tion of  the  law.  According  to  the  records  of  the  smoke  inspector*^ 
office  there  are  about  1,800  boilers  in  the  city,  equipped  as  follows: 
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Tho  Detroit  onliminee  iimkeH  it  unlawful  to  allow  dense  gruy  or 
!>lack  smoke  to  esctijx*  fi*oni  nny  chimney.  The  smoke  inspit*tor  i« 
lu^isted  by  a  c5onimitt^e  of  the  chAnil>er  of  coiimierce,  and  good 
eeBults  are  being  obtained*  It  U  i^jwrted  that  in  19CK5  the  following 
Ipw  equipment  was  installed:  Mechanical  stokers,  108;  automatic 
IHllke-preventiou  devices,  12;  ste-am  jets,  16. 

The  Indianaix>lis  ordinance  makes  the  production  of  dense  gray 
or  black  smoke  subject  to  a  penalty,  private  residences  being  exempt. 
The  effortss  toward  smoke  abatement  in  this  city  are  confinetl  to  the 
office  of  the  smoke  inspector.  According  to  that  offlcial-s  report  for 
the  year  ending  December  SI,  1906,  the  following  equipment  was 
in  use; 
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At  present  thei*e  is  no  effective  ordinance  in  Louisville  and  no 
smoke  inspector.  A  movement  has  been  started  by  a  number  of  citi- 
zens to  form  a  smoke-abatement  league  for  the  purpose  of  securing 
the  passage  of  an  ordinance  and  the  organization  of  a  smoke-inspec- 
tion department.  Last  year  there  were  in  this  city,  in  addition  to 
the  hand-fired  plants,  13  plants  with  down-draft  furnaces,  11  with 
chain-grate  stokers,  18  with  inclined-grate  stokers,  and  4  with  under- 
feed stokers. 

Milwaukee  has  an  effective  ordinance  and  the  smoke-inspection  de- 
partment is  doing  a  considerable  amount  of  educational  work  among 
the  manufacturers.  The  inspector  reports  that  during  1905  the  fol- 
lowing installations  were  made:  Underfeed  stokers,  32;  chain-grate 
stokers,  2;  inclined-grate  stokers,  15;  down-draft  furnaces,  6;  auto- 
matic steam  jets,  44;  total,  99. 

The  ordinance  of  New^  York  City  makes  no  exception  and  provides 
a  p)enalty  for  the  emission  of  dense  black  smoke  from  any  furnace. 
The  smoke-abatement   committee  has  been  active  in  bringing  ol- 
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fenders  against  the  law  into  court,  and  a  number  of  power  plants 
are  installing  additional  equipment  to  comply  with  the  smoke  ordi- 
nance. In  this  city  12,200  stationary  boilers  are  on  record,  but  there 
is  no  record  of  the  furnaces  and  equipment.  It  is  reported,  however, 
that  there  are  26  plants  equipped  with  stokers  of  the  overfeed  type 
and  2  with  stokers  of  the  underfeed  type.  Many  of  these  stoker 
plants  are  exceptionally  large. 

The  Philadelphia  ordinance  declares  the  emission  of  smoke  of 
greater  density  that  the  established  standard  unlawful,  except  from 
locomotives  or  steam  craft  standing  with  banked  fires,  or  during  a 
period  of  ten  consecutive  minutes  when  fires  may  be  in  process  of 
being  cleaned  or  started.  Exception  is  also  made  of  river  craft  in 
continuous  transit  through  the  city.  The  smoke-inspection  depart- 
ment is  assisted  by  the  efforts  of  the  citizens'  committee,  which  has 
been  active  in  creating  a  public  sentiment  in  favor  of  smoke  abate- 
ment. The  number  of  boilers  in  the  entire  city,  as  reported  by  the 
chief  inspector,  is  8,194,  of  which  2,132  are  using  soft  coal.  The 
number  of  stokers  and  appliances  for  abating  smoke  is  220. 

The  Pittsburg  ordinance  declares  that  the  production  of  dense 
black  or  dense  gray  smoke,  except  from  private  residences,  is  unlaw- 
ful, but  while,  a  new  fire  is  being  started  or  the  fires  are  being 
cleaned  such  smoke  is  allowed  for  a  period  of  eight  minutes  in  any 
hour. 

The  St.  Louis  ordinance  provides  a  penalty  for  allowing  dense 
smoke  to  escape  into  the  air.  According  to  this  ordinance  it  is  a 
good  defense  if  the  person  charged  with  the  violation  shall  show  to 
the  satisfaction  of  the  jury  or  of  the  court  that  there  is  no  practi- 
cable device,  appliance,  means,  or  method  by  which  the  emission  of 
dense  smoke  could  have  Iwen  prevented.  St.  Louis  has,  in  addition 
to  its  smoke-inspection  department,  a  smoke-abatement  committee 
maint^iined  by  the  Civic  League.  According  to  the  report  of  the 
smoke  inspector  for  190().  there  were  in  the  city  j^lants  with  the 
following  furnace  equipment:  Steam  jets.  550  plants;  down-draft 
furnaces,  264  plants;  fire-brick  arches,  etc.,  50  plants;  automatic 
stokers,  19  plants. 

An  ordinance  has  recently  been  passed  in  Toledo,  and  the  smoke 
inspector  is  making  an  effort  to  cooperate  with  the  owners  of  plants 
in  the  suppression  of  smoke.  The  ordinance  makes  an  exception  of 
private  residences,  dense  gray  oi-  black  smoke  from  all  other  fur- 
naces being  a  violation  of  the  hiw. 

The  law  gov^erning  the  abatemejit  of  smoke  in  Washington  and  the 
District  of  Columbia  makes  an  exception  of  private  residences,  but 
provides  a  penalty  for  dense  gray  or  black  smoke  from  all  other 
sources.  The  law  is  rigidly  enforced  and  there  is  but  little  smoke 
from  bituminous  coal. 
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THE    PROBUCTION    OF    SMOKE, 

The  tt^rm  smoke  as  used  in  this  paper  refers  to  chimney  gni^R  flittt 
I  eotitnin  stimll  pa  it  iciest  of  uiiconstirned  earboiu  which  give  the  gases 
a  dark  color.  Smoke  niay  be  of  any  deginse  of  blackness,  but  what 
Bome  f>ersoiis  would  call  smoke  is  not  considered  smoke  by  others. 
Smoke  is  due  to  a  Jack  of  air  at  the  proper  temjierature  at  the  point 
I  where  the  volatile  gases  shotdd  1^  burned,  the  result  being  that  these 
gases  are  only  partly  burned  and  the  carlx>n  is  set  free.  The  density 
of  smoke  is  measured  in  many  ways,  but  the  most  satisfactory'  at 
present  is  by  means  of  the  Ringelmann  charts.  These  charts  are  made 
by  drawing  black  lines  at  right  angles  on  a  white  background.  The 
lines  are  so  spaced  as  to  give  the  eifect  of  diiferent  percentages  of 
blackness  w^hen  placed  at  a  distance  of  about  50  feet  from  the  observer. 
The  charts  are  numbered  1,  2,  3,  4,  and  5,  and  repre^sent,  respectively, 
2O3  40,  (jO,  80,  and  100  per  cent  of  black  smoke*  As  a  matter  of  fact, 
anything  but  a  clean  stack  will  result  in  a  smoky  atmosphere.  If  a 
stack  continuously  emits  a  small  amount  of  smoke,  it  may,  during  tlie 
course  of  the  day,  have  given  off  as  much  carbon  and  have  had  as  bad 
an  effect  as  another  stack  which  has  been  clear  most  of  the  time^  but 
which  for  three  or  four  i>eriods  of  five  nunutes  each  has  emitted  a 
flense  bhick  smoke*  In  locaHties  where  bituminous  coal  is  burned 
exclusively  a  plant  is  considered  good  if  the  average  blackness  is 
(equivalent  to  5  per  cent  or  less. 

The  following  i  inform  sit  ion,  taken  from  ilw  n*pr>rt  of  the  (^onnnittcc 
for  testing  smoke-preventing  appliances,  Manchester,  England  (see 
p.  24) ,  is  of  interest : 

ObserAations  weie  made  for  an  entire  day  on  179  chimneys.  The  general 
averages  of  these  stacks  gave  the  equivalent  of  black  smoke  102  minutes  in  10 
hours.  The  averages  for  the  individual  stack  varied  from  the  equivalent  of 
black  smoke  for  423  uiiiuites  in  the  worst  to  4  minutes  in  the  best.  The  relative 
amount  of  the  smoke  from  different  kinds  of  e<iuii)ment  may  be  taken  as  follows: 

Average  of  36  hand  fires  with  air  admission,  SI  minutes  in  10  hours ;  average 
of  10  band  fires  with  air  admission,  good  firing,  40  minutes:  average  of  4 
sprinkling  stokers,  about  103  minutes  in  10  hours :  average  of  21  coking  stokers, 
about  16  minutes  hi  10  hours:  best  coking  stokers,  about  4  minutes  in  10  hours. 

Coking  stokers  shov/  best  economy  as  weH  as  prevention  of  smoke. 

Sheffield  Association  suggest  that  the  i>ermissible  limit  of  smoke  emission 
should  vary  with  the  number  of  boilers  as  follows :  For  1  boiler,  2  minutes  per 
hour ;  for  2  boilers,  3  minutes  ]>er  hour :  for  3  or  more  boilers,  4  minutes  per 
hour. 

The  following  are  reasons  why  furnaces  sometimes  smoke : 

1.  The  furnaces  and  the  grates  are  not  properly  designed  to  bum 
the  coal  available.  There  is  almost  no  equipment  on  the  market  that 
will  handle  equally  well  all  the  fuels  found  in  the  United  States. 

2.  There  is  a  lack  of  sufficient  draft. 

3.  The  firemen  are  unskilled. 
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4.  There  is  not  enough  combustion  space. 

5.  Wood,  paper,  and  other  refuse  ai'e  burned. 

6.  The  load  is  changed  quickly. 

7.  Excessive  overloads  are  maintained. 

THE  PREVENTION  OF  SMOKE  IN  BOIIiEB  PL4NT8. 

FEASIBILITY. 

Within  the  last  few  years  there  has  been  a  remarkable  development 
in  the  utilization  of  coal  under  the  steam  boiler.  To-day  many  steam 
power  plants  in  the  United  States  are  burning  bituminous  coal  prac- 
tically without  smoke.  This  has  been  brought  about  by  improving 
the  design  of  the  furnaces  and  by  careful  attention  on  the  part  of  the 
fireman. 

It  is  now  passible  to  design  and  operate  boiler  plants  burning  a 
high- volatile  coal  which  will  be  practically  smokeless  under  usual 
operating  conditions,  giving  off  no  black  or  dense  gray  smoke  except 
when  a  fresh  fire  is  being  built.  Banking  the  fire,  shutting  dampers, 
etc.,  causes  smoke  of  a  light  or  gray  shade  only.  This  has  been 
demonstrated  at  the  engineering  experiment  station  of  the  University 
of  Illinois,  where  a  boiler  has  recently  been  installed,  properly 
equipped  with  a  furnace  for  burning  Illinois  coal.  Under  ordinary 
conditions  this  plant  makes  no  smoke  whatever.  This  equipment  is 
not  suitable  for  burning  low-volatile  coals  such  as  are  largely  used 
in  the  East.  In  experimenting  with  this  furnace  an  effort  was  made 
to  produce  smoke,  but  it  was  found  impossible  to  make  black  smoke, 
the  worst  being  about  50  per  cent  black. 

A  number  of  large  commercial  plants  having  properly  designed 
furnaces  are  now  operating  daily  without  smoke  in  many  of  our 
larger  cities.  Reports  on  some  of  these  i)lants  inspected  bv  engineers 
connected  with  the  teclniolo^ric  branch  will  be  published  in  a  subse- 
quent bulletin. 

THE   PRINCIPLES   OF   SMOKELESS   COMBUSTION. 

Coal  can  be  burned  snu)kelesslY,  th(»  same  as  gas,  gasoline,  or 
kerosene  oil,  if  the  equipment  is  pro})erly  designed  and  adjusted. 
Each  of  tliesi^  fuels  will  <rive  off  smoke  if  conditions  are  not  favor- 
able. All  the  authorities  on  the  sul)je('t  of  combustion  and  smoke 
j)revention  agree  upon  the  following  conditions  as  requirements  for 
a  smokeless  furnace: 

1.  The  coal  should  be  supi)lied  to  the  furnace  in  small  quantities 
at  frequent  intervals.  The  more  nearly  the  feed  approaches  a  con- 
tinuous and  uniform  su])j)ly  the  better  the  results. 

2.  The  air  supply  should  be  slightly  in  excess  of  the  theoretical 
amount  required  and  be  admitted  i)rincipally  through  the  fuel  l)ed. 
w^ith  an  auxiliary  supply  admitted  at  the  front  or  rear  of  the  furnace 
to  burn  gases  from  tlu*  coal. 
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rhe  temfjemtnr©  In  the  fiimaoe  i^hould  be  sulKci«^ntly  high  to 

tht:  giist^  given  off  horn  Uie  fuel  bed, 

Tiere  t^hould  be  u  fire-l^rick  combustion  chaml^er  of  wnfBcient 
sions  and  so  designed  as  to  cause  tlie  thorough  mixture  of  the 
and  air,  i>errnittiiig  complete  combustion  before  tlie  mixture 
s  the  boiler  surfaces, 

;h  has  alre^idj  been  written  on  the  theory  and  chemistry  of 
Lstion,  "  Steam-boiler  economy,''  by  William  Kent,  and  "  Steam 
3,"  by  Peabody  and  Miller,  are  both  good  works  on  this  subject, 
J,  23.) 
as  been  found  in  this  country,  as  well  as  in  Europe,  that  when 

is  giA'cn  off,  there  is  also  a  Joss  of  carbon  monoxide  (CO)  and 
combustible  gases.  The  loss  due  to  the  carbon  which  we  see 
ill  smoke  is  seldom  more  than  1  per  cent,  but  the  loss  due  to  the 
I  of  the  combustible  gases  may  amount  to  an  additional  3  to  10 
nt. 

steam -engineering  section  of  the  technologic  branch  has  found, 
re  other  investigators,  that^  contnirj  to  general  opinion,  with 
lely  high  temperatures  more  smoke  is  produced  and  more  un- 
i  gasej5  are  lost  up  the  stack.  High  temperature  is  of  course 
I  a  wupply  of  air  ap|>roaching  the  theoretical  amount,  and  on 
it  of  the  difficulty  of  obtaining  n  complete  mixture  of  the  gases 
r  some  gas  is  allowed  to  escape  uiiburned.     (See  Table  L) 

combustible  gas  most  frequently  found  in  the  flue  gases  is  car- 
lonoxide  (CO).  This  gas  is  nearly  always  present  when  the 
gives  off  black  smoke,  indicating  imperfect  combustion.  Hy- 
n  and  hydrocarbon  gases  may  also  be  expected  in  connection 
he  CO,  but  on  account  of  the  difficulty  of  determining  the  small 
it  ages  of  these  gases  they  are  seldom  recorded,  though  the  loss 
)  their  escape  is  considerable.  In  confirmation  of  these  state- 
,  the  accompanying  tables  are  submitted.  Table  1  gives  a  sum- 
of  the  relation  of  smoke  to  unburned  gases  and  combustion- 
)er  temperatures  as  determined  from  more  than  200  boiler  tests 
at  the  St.  I^nis  fuel-testing  plant. 

K  1. — Relation  of  sntoJcr  to  CO  amj  comt)ustion-chamt)cr  temperatures. 
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30  to  40. 

50  to  60. 

3f  tests 

0.  Of) 
9.14 

15.5 
0.11 
9.  4(1 

51  1 
•24.7     , 

0.14  1 

1 
10.93  1 

36 
34.7 

0.21 

11.41 

4 

per  cent  of  smoki; 

per  cent  of  CO  in  11  uo 

52.  9 
0. 35 

[jer  ccn  t  nnaccoi  i  ii  ted 
eat  balftnce 1 

13.34 

of  tests  a 

26 
2,180 

16 
2,215 

18 
2,367 

45  1 

2,415  1 

1 

2, 450 

17 
2,465 

4 

combustion-ch^mbiT 
»ture(°F.) 

2,617 

•Temperatures  In  combustion  chnmber  were  not  determined  on  all  tests. 


14 


THE   BURNING   OF  COAL  WITHOUT  8MOKB. 


Table  2,  from  the  Manchester  report  (see  p.  24),  gives  aiuktyses  of 
chimney  gases,  including  determinations  of  hydrogen  (H)  and 
methane  (CH^),  which  occur  in  small  percentages. 


Tablk^ 

. — Analynev  of  chimney  gtmeH, 

flmokr.                         H 

dev. 

Bolter. 

00|.  1 

Gi- 

CO. 

CH^r 

H,. 

SI- 30 

(XV 

0^ 

CO, 

™*^ 

% 

St 

ft,  VO 

0. 90  

3.1& 

T      *• 

6:3 

13.60 
fllTfi 

0 
0 

Tir* 

7LR 

Ha  St  bUMl  flred ....... 

JTaSplunilfiiwl 

Ha  4f  Are  under  CAiutJc 
potf  biuid  fired ..,.« ^ . 

K<».  fi,  iput  bdd««,  hand 
fired 

10. 2S 

7  00 

.50  :     0          0 

.0&     0.2fi        0 

S.OD       .?0     S.23 

80.66 
RLSft 

80.82 

NoL  6,  with  Riioki^pre- 
TcntJon  doTlce . 

i.w      ,      1    -.       .. 

7.3fr     12.00 
7,  lA     VL 15 

0 
0 

t      t 

0         • 

W^ 

NcfL  7,  with  iiiiicik«-pii^ 
Tcntlon  dcTlco 

aff 

Hol  B,  with  RDoke»-ivn^ 
Tention  4eHce ...... 



...... 

11.10 

nil 

Table  3,  compiled  from  results  obtained  at  the  fuel-testing  plant 
shows  that  the  losses  due  to  the  escape  of  CO  and  other  combustible 
gases  Hiay  be  considerable  and  that  they  are  of  more  importance  than 
the  gain  from  a  corresponding  increase  in  carbon  dioxide  (CO,).  R 
is  evident  that  the  prevention  of  smoke  and  the  efficiency  of  the  plant 
are  very  closely  related. 

Calculations  sliowing  the  theoretical  losses  due  to  the  presence  of 
(jonibnstible  pises  in  the  flue  pises  have  been  made  and  the  results 
published  in  "A  study  of  four  hundred  steaming  tests.'" " 

Taiilk  ;i. — RrUiiion  of  f  o  to  efflcieticy. 


NumlMT  of  t«*Hts. 


Av<fniir«'  iHT  cent  »»f 
( '< )«  in  fliu-  Ka«w 7.  r.9 

Av<'ni«e  JUT  cent  of 
CO  In  flue  KHscH <« 

A  venire  eflleiency 
(7*i*)fl .V2.1N)  I  56.73 


11 

29 

25 

-'_ 

28 

« 

32 

U 

49 

7 

'    u.4r> 

H.-2«J 

9.09 

9.  IS 

9.  IK 

9.90 

9.60 

%hl 

10.22 

10. 

.r<\ 

.27 

.22 

.17 

.19 

.13 

.16 

.12 

.l.*^ 

56.73 

r»9.  r>6 

62.08 

63. 43 

64..'>8 

65..>> 

66.41 

67.48 

69.10 

"'• 

•For  dlHcuHRion   of  ofIl<'Ienev   72*   hw   A   stu<ly   <»f  four   hundred  HteHnilnir   tosts :  Bn^ 
r.  S.  (Jeol.  Survey  No.  W'lo,  1!M)7. 

PROPER  FURNACE  EQUIPMENT. 

Numerous  inventions  for  preventing  smoke  have  been  made,  leased 
according  to  the  inventors,  on  the  recognized  i)rinciples  discus.sed  ii^ 
the  foregoing  si»etion.     Most  of  them  have  not  been  properly  designe<I 
to  meet  the  severe  service  to  which  a  lM)iler  furnace  is  subjected. 


•  Bull.  U.  S.  Qeol.  Survey  No.  325,  1907,  pp.  100-101. 
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ke  proper  design  of  the  furnace  and  s«*ttingB>  including  the  breech* 
ftnd  stacks,  is  a  subject  of  much  dispute*  All  authorities,  how- 
j  agree  that  sufficient  jiir  mus^^t  U*  aduiitted  to  allow  complete  com- 
ioii.  This  means  that  ampk*  draft  must  bit  provided.  JS tacks 
than  125  feet  high  are  uauallv  nns^iitisfactory,  but  steam  or  elec- 
dly  driven  fans  are  now  very  commonly  used  to  produce  either 
&d  or  induced  draft  in  connection  with  stacks  shorter  than  would 
rwise  be  required. 

poTision  should  be  made  for  the  admission  of  air  above* the  fuel 
It  is  also  now  generally  conceded  that  there  should  be  a  tire- 
k  chamber  of  sufficient  length  to  allow  time  for  the  gases  and  air 
ix  and  bum*  Numerous  obsen^ations  made  on  po^ver  plants  show 
it  takes  an  average  of  twelve  seconds  for  the  gases  to  pass  from 
furnace  to  the  top  of  a  stack  125  feet  high.  This  allows  but  one 
ud  for  combustion  to  take  place  before  the  gases  leave  the  combus- 
chamber.  These  conditions  have  been  so  STiccessfully  met  in  some 
ife  as  to  permit  the  use  of  low^-grade  coal  without  the  production 
bjectionable  smoke.  These  plants  are  few  when  compared  to  tlie 
I  number  in  ojwration,  but  they  indic^ite  the  i>ossibilitiei5  of  seeur- 
practically  perfect  combusticm. 

1  geneniK  furnaces  designed  for  burning  coal  may  be  divided  into 
general  classes,  as  follows; 
Those  into  which  coal  is  shoveled  at  intervals  by  hand : 

(a)  Plain  or  rocking  grates,  with  no  fire-brick  arch. 

(b)  Same  as  a,  with  steam   jet   under  a  small  combustion 

space. 

(c)  Plain  or  rocking  grates,  with  a  fire-brick  arch,  large  com- 

bustion space,  and  provision  for  admitting  air  over  the 
fire  either  at  the  front  or  at  the  bridge  wall. 

(d)  Plain  or  rocking  gi-ates,  wnth  large  or  small  combustion 

chamber  and  with  or  Avithout  fire-brick  arch,  equipped 
w^ith  steam  jets  and  air-admission  dampers  which  close 
automatically  after  each  firing. 

(e)  Combinations  of  any  two  or  more  of  the  above. 

(/)  Down-draft  furnaces,  consisting  of  two  grates,  the  upper 
one  of  water  tulles  to  prevent  its  destruction  by  the  heat, 
and  the  lower  one  like  the  common  hand-fired  grate. 
The  fire  is  built  on  the  upper  grate,  and  coal  is  fed  or 
shoveled  on  top  of  the  fire.  The  furnace  is  so  arranged 
that  the  gases  and  flame  pass  down  through  the  upper 
grate  and  over  the  lower  one,  on  which  a  fire  of  coke,- 
supplied  from  the  upper  grate  is  maintained. 
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II.  Those  to  which  coal  is  fed  oontinuously  by  sn  iaftonuitic  ckfvifle: 
(g)  Powdored-ooal  devices,  in  which  psxticleB  of  odsL  an 
thrown  or  blown  into  the  fomsoe  and  bamed  befon 
reaching  the  bottom  of  the  combustion  diamber,  wfaiek 
must  be  of  fire  brick. 
(A)  Sprinkling  stokers. — ^Devices  for  aatomaticaUy  feeding 
and  distributing  small  sizes  of  coal  as  erenlj  as  posaibk 
over  the  entire  grate  surface.    Automatic  shaking  gnto 
«        are  usually  installed  with  this  apparatua 
(t)  Cioking  stokers: 

1.  Overfeed  stokers,  in  which  the  coal  is  fed  oontinn- 

ously  and  coked  under  a  fire-brick  arch.  Spedil 
provisions  are  made  to  admit  air  to  mix  with  the 
volatile  gases.  These  may  be  further  subdivided 
into  front-feed  and  side-feed  stokers. 

2.  Traveling  chain-grate  stokers,  in  which  the  coal  0 

fed  at  the  front  under  a  firerbrick  arch  and  tlia 
entire  surface  of  the  gate  moves  toward  the  bridgi 
wall  at  a  rate  which  allows  all  the  coal  to  be  con- 
sumed. 
8.  Underfeed  stokers,  in  which  the  coal  is  automatically 
fed  at  frequent  intervals  beneath  the  bed  of  hot 
fuel,  air  is  forced  through  the  burning  coal  by 
means  of  a  fan,  and  as  the  volatile  gases  are  givoi 
off  from  the  fresh  coal  they  mix  with  the  air  and 
pass  up  through  the  fire.  Under  favorable  condi- 
tions combustion  is  completed  within  a  short  dis- 
tance from  the  surface  of  the  fuel  bed. 

DIFFICULTY    IN    SECURING    PERFECT    COMBUSTION. 

With  SO  great  a  variety  of  furnaces  to  choose  from  it  seems  at 
first  thought  that  there  sliould  l)e  no  difficulty  in  abating  smoke.  It 
is,  however,  difficult  to  construct  a  furnace  that  will  be  smokeless 
imder  any  and  all  conditions  of  operation.  Some  furnaces  now  in 
operation  are  practically  so,  conforming  to  every  requirement  oulr 
lined  for  smokeless  combustion,  but  there  is  no  type  of  grate  or 
stoker  on  the  market  to-day  which  does  not  give  off  offensive  black 
smoke  in  some  of  the  plants  in  which  it  is  installed.  This  may  or 
may  not  be  due  to  faults  in  the  furnace.  It  may  be  due  to  lack  of 
combustion  space  or  to  improper  handling. 

The  efficiency  of  the  furnace  and  the  degree  of  success  attained  by 
any  equipment  in  the  prevention  of  smoke  dej^end  on  the  following 
factors :  Skill  of  the  fireman,  proper  design  of  the  furnace  and  boiler 
setting,  character  of  the  coal,  capacity  of  the  boilers  and  furnaces, 
and  load  carried. 


■S.^.ia«VjJ'»  W.«r 
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The  skill  of  th^  fireman  is  the  most  important  element  in  conneo 
ion  with  the  ordinary  equipment.  As  a  matter  of  fact,  the  personal 
lement  is  the  greatest  hindrance  to  progress  in  the  abatement  of 
moke.  Both  the  owner  and  the  fireman  must  be  interested  to  obtain 
he  best  results.  Intelligent  supervision  in  the  boiler  room  to  secure 
>roper  air  admission  and  care  in  firing  will  result  in  the  saving  of  the 
osses  due  to  smoke  or  unconsumed  gases  and  to  heating  an  excessive 
mount  of  air.  At  many  plants  such  supervision  has  reduced  the  coal 
►ills  by  5  to  20  per  cent,  depending  on  the  coal  and  the  methods  for- 
aerly  in  use. 

It  is  a  generaUy  conceded  fact  that  intelligent  men  trained  in  boiler- 
oom  practice  could  save  10  per  cent  of  the  fuel  used  in  50  per  cent 
•f  the  plants  of  the  United  States,  and  that  in  another  25  per  cent  of 
he  plants  such  men  could  save  5  per  cent  of  the  fuel.  It  is  the  prac- 
ice  of  nearly  all  large  power  plants  to  employ  a  boiler-room  expert, 
md  many  of  them  have  chemists  who  make  frequent  test^  and  investi- 
gations to  determine  the  conditions  favorable  to  the  best  economy. 
rhe  saving  of  only  a  small  percentage  of  the  coal  consumed  will  make 
I  handsome  return  for  the  cost  of  the  experimental  work.  There  are 
low  in  a  few  of  our  larger  cities  competent  engineers  who  are  making 
I  specialty  of  supervising  boiler  plants  for  a  nimiber  of  firms. 

A  few  examples  of  carelessness  and  indifference  on  the  part  of  fire- 
nen  will  in  a  measure  explain  why  many  persons  are  skeptical  re- 
^rding  the  value  of  mechanical  stokers  and  other  smoke-preventing 
levices. 

At  a  plant  which  had  a  smoke-preventing  device,  but  which  was 
moking,  the  fireman  said  a  connecting  chain  had  been  broken  for  sev- 
-ral  days  and  he  "  didn't  have  time  to  bother  with  it."'  It  would  not 
lave  required  more  tlian  ten  minutes  to  join  the  two  ends  with  wire 
or  a  temporary  repair.  In  another  plant  the  fireman  said :  "  The 
hing  takes  too  much  steam,  and  I  shut  it  off."  Many  other  cases  of 
irillful  neglect  have  been  observed. 

Very  few  firemen  can  be  induced  to  fire  regularly  and  frequently, 
ecause  it  is  easier  to  put  in  enough  coal  to  last  twenty  or  thirty 
tiinutes  at  one  time  and  have  little  or  nothing  to  do  in  the  interval 
letween  firings.  In  one  instance  the  engineer  took  occasion  to  meas- 
ire  the  draft  between  the  grates  In^fore  and  after  firing  on  a  down- 
Iraft  furnace  which  had  a  good  draft.  The  draft  before  firing  was 
1.35  inch  of  water,  but  after  the  fireman  had  thrown  on  63  shovelfuls 
rf  coal  the  flow  of  air  was  so  seriously  retarded  that  the  draft  in- 
reased  to  0.62  inch.  Great  volumes  of  smoke  w^ere  given  off,  indicat- 
ng  this  lack  of  air. 

Profe.ssor  Benjamin,  in  his  pa})er  on  smoke  and  its  abatement  (see 
).  23),  speaking  of  steam  and  air  jets,  expressed  himself  as  follows: 
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^'  It  is  a  very  effective  method  of  smoke  prevention,  and  is  naea  veiy 
largely  in  Cleveland.  I  have  not  given  it  very  mndi  weigfit  in  Dfj 
paper,  because  it  depends  so  much  upon  the  individuality  of  the  en- 
gineer and  fireman.  I  have  found  that  men  who  use  that  means  M 
to  be  watched  so  continually  and  reprimanded  so  mudi  that  I  got  <Mt 
of  patience  with  that  sort  of  prevention.'^ 

Difficulties  are  also  encountered  with  stokers.  One  of  the  grettnt 
troubles  is  the  tendency  of  the  fireman  to  poke  the  fires  nnneoesBsrify 
instead  of  using  or  adjusting  the  attachments  provided  for  feeding 
and  handling  the  coal.  In  many  plants  where  it  is  possible  they  will 
shovel  green  coal  into  the  stokers,  instead  of  feeding  it  throu^  tbe 
hopper,  and  then  take  a  bar  and  stir  up  the  fresh  coal  with  the  cob 
and  ashes^  causing  smoke  and  wasting  the  coal. 

It  is  not  an  uncommon  experience  that  on  inspection  the  bmkr 
tubes  are  found  to  be  covered  with  scale  on  one  side  and  soot  on  th 
other.  One  plant  with  nearly  4,000  horsepower  had  soot 
from  the  surfaces  of  the  tubes,  and  on  inquiry  it  developed  that 
tubes  had  not  been  cleaned  for  a  period  of  four  months,  no  dauaBg 
having  been  done  since  the  new  master  mechanic  had  taken  charge. 

The  following  quotation  is  from  the  Manchester  report,  alree^ 
cited  (see  p.  24) : 

Negligent  management  of  the  self-acting  damper  is  responsible  tor  much  of 
tlie  smoke  from  hand  firing.  *  *  *  No  doubt  its  nse  obviates  to  some  eztait 
the  necessity  for  constant  attention,  but  in  many  cases  it  has  been  disconnected 
after  attention  has  been  drawn  to  the  smoke. 

The  foregoing  examples  emphasize  the  facts  that  the  management 
of  the  boiler  room  is  a  problem  for  properly  trained  men  and  that 
as  the  coal  burned  is  a  considerable  item  of  expense,  averaging  about 
50  per  cent  of  the  cost  of  producing  power,  there  is  more  oppor- 
tunity to  save  in  the  boiler  room  than  in  the  engine  room  with  any 
given  equipment.  The  average  l)oiler  room  is  a  hot,  dirty,  and  other- 
wise unattractive  place.  For  these  reasons  but  little  attention  has 
been  paid  to  it  by  superintendents  and  operating  engineers  in  mod- 
erate-sized plants.  The  boiler  rooms  are  managed  for  the  most  part 
by  men  hired  not  so  much  for  what  they  know  as  for  their  ability 
to  do  hard  work,  and  they  get  comparatively  small  wages.  There 
are,  however,  some  mechanical  appliances,  such  as  the  chain  grate, 
which  leave  but  little  to  the  skill  of  the  fireman.  (See  "  Suppression 
of  industrial  smoke,"  by  A.  Bement,  cited  in  bibliography,  p.  23.) 

Many  furnaces  may  be  classed  as  smokeless  when  attended  by 
careful  men,  but  unsatisfactory  when  fired  by  ordinary  firemen.  In 
some  power  plants  it  is  difficult  for  even  a  trained  man  to  secure 
reasonable  economy  and  prevent  smoke.  This  may  be  due  to  the 
fact  that  the  plant  is  poorly  designed.  It  does  not  follow  that  a 
plant  having  a  high  diimney  will  have  a  sufficient  draft.    The  chim- 
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y  may  be  too  small,  or  there  may  be  many  elbows  in  the  flues  lead- 
g  from  thf?  boiler  to  the  stack,  or  there  may  be  serious  leakage  of 
r  through  holes  in  the  flue,  boiler  settingi^  and  breeching,  A  poor 
•aft  is  rcvSponsible  for  a  great  deal  of  trouble  in  the  boiler  room, 
ifficulty  in  buiTiing  coal  in  some  one  furnace  in  a  phmt  has  been 
ported  where  investigation  s^howed  that  the  damper  had  turned  on 
3  shaft  and  instead  of  V}eing  open,  as,  the  fireman  jsnppost*d,  wa,s 
sarly  closed.  Such  difliculties  can  be  avoided  only  by  systematic 
iper%'i^ioii. 

In  many  plants  the  grate  surface  is  not  properly  proportioned  to 
le  load  carried*  This  can  be  remedied  in  hand-fii'ed  furnaces,  but 
ot  without  considerable  expense  in  sticker  plants.  Some  plants  main- 
iui  fires  under  too  nuuiy  boilers  for  good  economy ;  on  the  other 
mdj  there  are  probably  more  in  \vhich  the  furnaces  are  overloaded. 
The  hand-firing  of  plain  furnaces  violates  all  the  principles  laid 
own  for  securing  goix]  combustion.  The  coal  is  usually  supplied  in 
irge  (juantities  at  long  intervals,  and  the  result  is  that  at  the  times 
i  firing  the  temperature  of  the  furnace  is  lowered,  the  resistance  to 
lie  flow  of  air  through  the  fuel  bed  is  increased,  and  consequently 
Teat  qiiantities  of  combustible  gas  are  generated  which  cjin  not  be 
unied  for  lack  of  air  and  the  necx^i^sary  amount  of  be-at, 
Hand'fired  furnaces  with  steam  and  air  jets  may  save  enough  by 
etler  combustion  to  make  up  for  the  cost  of  the  staam  used  in  the 
^.  They  are  looked  upon  as  makeshifts  by  experienced  smoke  in- 
pectors  and  others  competent  to  judge  of  them. 
Hand-fired  furnaces  with  ample  combustion  chambers  and  adjust- 
ble  openings  for  air  admission  are  suitable  for  some  kinds  of  coal,  if 
mded  by  experienced  and  careful  firemen. 

Down-draft  furnaces  have  shown  decided  economy  in  many  plants 
nd  have  been  fairly  successful  in  the  prevention  of  smoke.  The  prin-^ 
iple  is  a  good  one,  but  few^  installations  of  these  furnaces  are  proj^erly 
red.  Whether  they  can  be  run  smokelessly  depends  on  the  required 
ipacity,  the  kind  and  size  of  coal,  and  the  attention. 
Mechanical  apparatus  for  burning  pow  dered  coal  in  boiler  furnaces 
as  been  tried  in  many  plants  and  wnth  but  few  exceptions  has  been 
)und  unsatisfactory  on  account  of  the  cost  and  difficulty  of  main- 
lining the  furnace.  It  has,  however,  proved  a  decided  success  in 
ring  cement  kilns. 

Sprinkling  stokers  have  as  yet  made  little  headway  in  this  country. 
Records  given  in  the  Manchester  (England)  smoke-prevention  report 
W  that  these  stokers  are  not  as  successful  in  preventing  smoke  as 
lose  of  the  coking  type. 

Furnaces  with  mechanical  stokers  of  the  overfeed  types,  includ- 
ig  chain  grates,  which  feed  the  coal  gradually  and  coke  it  under  a 
PB-brick  arch,  are  used  more  widely  than  any  others  except  the  plain 
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hand-fired  furnaces.  AVlien  these  stokers  are  properly  installed  in 
connection  with  ample  combustion  chambers,  and  cai^efully  operated, 
they  give  good  results  and  prevent  smoke.  Many  of  these  furnaces 
are  not  properly  installed  and  a  still  greater  number  are  badly 
operated.  The  inclined-grate  stokers  will  burn  either  high-Tolatile 
coals  or  coals  high  in  fixed  carbon.  The  chain-grate  stokers  are  su^ 
cessful  in  burning  high-volatile  coals  such  as  are  found  in  Indiana 
and  Illinois.  They  require  less  attention  from  the  fireman  than  other 
types  of  stokers,  and  they  can  be  operated  smokelessly  when  properly 
installed.  This  stoker  has  not  Ixsen  adapted  to  burning  low-volatile 
coals  such  as  are  largely  used  in  the  East. 

Underfeed  stokers  that  automatically  feed  the  coal  are  usually 
successful  with  either  high  or  low  volatile  fuels  when  properly  in- 
stalled and  operated  at  a  reasonable  rate  of  combustion. 

Many  furnaces  are  burning  coal  unsuited  to  them,  and  under  the 
load  conditions  it  is  impossible  to  prevent  smoke.  A  change  to  an- 
other kind,  or  in  some  cases  to  another  size  of  the  same  kind  of  coal, 
would  prove  satisfactory. 

INDIRECT  METHODS  OF  SMOKE  ABATEMENT. 

There  is  at  present  a  gc»neral  tendency  to  centralize  power,  heat- 
ing, and  gas  plants.  In  I  he  heating  of  buildings  it  is  customary  under 
existing  conditions  to  generate  steam  in  the  building.  Where  this  is 
done,  it  is  in  general  considered  more  economical  to  install  engines  for 
generating  current  for  light  and  i)()\ver  also.  However,  many  build- 
ings furnish  their  own  heal,  hut  i)iirchase  current.  Large  power  or 
light  ])lants  ran  now  l>e  located  at  any  convenient  place,  say  at  the  coal 
niines.  because  of  the  t^asc  and  economy  with  which  electric  current 
can  he  transmitted:  but  heating  plants,  whether  for  residence  or  for 
business  districts,  must  be  within  a  comparatively  short  distance  from 
the  section  to  he  heated  on  account  of  the  cost  of  installation  and  the 
losses  from  radiation.  There  arc  now  mon*  than  150  central  heating 
plants  in  the  United  States,  furnishing  steam  or  hot  water  to  resi- 
dences or  business  buildings  or  to  both.  The  greater  numlier  of  these 
plants  are  located  in  the  coal-producing  State>.  Some  of  them  have 
been  built  especially  for  the  purpose  of  heating;  othei's  are  addition> 
to  electric-lighting  or  industrial  plants  and  utilize  the  exhaust  steam 
from  the  engines.  These  central  plants  can  be  operated  without  smoke 
under  favorable  conditions,  and  they  relieve  the  smoke  situation  in  a 
measure.  The  plan  of  purchasing  both  heat  and  light,  not  only  for 
residences,  but  also  for  business  houses,  is  popular  l)ecause  it  l*elieve^ 
the  consumer  of  the  details  of  operating  a  plant,  d(K\s  away  with  the 
dust  of  coal  and  ashes,  and  makes  available  for  storage  purposes  space 
which  would  otherwise  be  occupied  by  the  plant. 
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fit  has  been  suggested  that  in  certain  type.s  of  fnmat*es  in  which  per- 
fect combustion  can  not  be  maintainedj  the  resuhing  smoke  may  be 
washed  from  tlie  chimney  gases  in  the  same  way  as  dust  and  soot  it  re 
now  removed  fi^om  the  air  that  is  used  in  ventilating  large  office  huihl- 
ings,  schoolhouses,  and  hospitals. 

The  increasing  use  of  storage  batteries  by  street  railways  and  other 
interests  has  aided  in  the  prevention  of  smoke.  These  batteries  fur* 
oi^h  the  extra  power  needed  when  traffic  is  heavy  during  rush  hours 
i>n  the  street  railways  and  make  unnecessary  any  sudden  heavy  de- 
mands on  the  power  plants.  The  load  on  the  engines  Ix^ing  more 
nearly  uniform,  there  is  less  change  in  the  rate  of  combustion  in  the 
furnaces  and  lass  smoke,  for  cfiange  of  load  and  crowding  of  boilei*s 
constituta  a  most  prolific  source  uf  smoke, 

-  SUMMARY. 

The  increasing  use  of  gas  and  cuke  for  domestic,  mami factoring, 
and  power  purposes  and  the  centralization  of  i>ower  and  heating 
plants  tend  to  relieve  cities  of  a  large  |>ercentage  of  the  sinoke  n(iw 
given  off  by  small  and  inefficient  heating  and  power  plants.  Not- 
withstanding the  fact  that  other  ways  of  utilizing  coal  are  growing 
in  favor,  it  will  evidently  be  necessary  to  bum  coal  in  small  boiler 
plants  for  some  time  to  come.  These  coal-biirning  plants  will  con* 
tiniie  to  keep  the  problem  of  smoke  abatement  before  the  residents 
of  large  cities. 

It  is  recommended  that  in  order  to  improve  the  conditions  in  any 
city  a  record  of  all  equipment  niid  furnaces  in  the  powder  plants  be 
laade,  and  that  improvements,  methods  of  operation,  and  the  kinds  of 
Cfjal  use<I  l>e  made  a  special  study.  It  is  only  by  such  systematic 
methods  that  the  local  problem  can  be  solved,  as  conditions  in  any 
one  city  are  generally  different  fnim  those  in  othei*s,  depending  on 
the  amount  and  kind  of  manufacturing  and  the  character  of  the  coal 
available. 

The  personal  element  is  the  most  difficult  obstacle  to  overcome  in 
the  fight  against  smoke.  Study  of  the  requirements  and  a  desire  to 
obtain  good  results  on  the  part  of  the  firemen  will  do  more  to  clear 
the  air  in  cities  than  any  other  one  influence. 

Being  principally  the  result  of  an  imperfect  air  supply,  smoke 
can  be  prevented  by  providing  for  sufficient  air  and  for  its  mixture 
with  the  gases  in  the  furnace. 

Well-designed  furnaces  may  smoke  to  a  greater  or  less  degree, 
depending  on  the  methods  of  the  firemen,  the  kind  or  size  of  the  coal, 
and  the  rate  at  which  the  coal  is  burned.  They  may  be  expected  to 
give  smokeless  combustion  when  burning  a  suitable  coal,  except  under 
the  following  unfavorable  operating  conditions: 
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1.  When  fires  are  built.  The  fiimace  not  being  heated  to  the  re- 
quired temperature,  the  gases  cool  below  their  ignition  point  and 
escape  unburned. 

2.  When  so  much  coal  is  burned  on  the  grate  that  it  is  impossible 
to  supply  sufficient  air  without  frequent  poking.  This  condition 
usually  results  in  so  large  a  volume  of  gas  from  the  coal  that  it  can 
not  be  properly  mixed  with  air  and  burned  in  the  combustion 
chamber.  On  reaching  the  boiler  surfaces  it  is  cooled,  combustion 
is  arrested,  and  soot  and  smoke  result. 

3.  When  the  rate  of  combustion  is  suddenly  increased,  as  when 
more  coal  is  added,  and  fires  are  poked  to  get  up  pressure  in  short 
time. 

4.  When  the  fires  are  checked  by  closing  doors  or  dampers,  thus 
cutting  off  the  air  supply.  Banked  fires  are  difficult  to  mamtain  and 
start  up  without  smoke.  Automatic  dampers  are  frequently  the 
cause  of  smoke  when  not  properly  adjusted  or  designed. 

There  is  need  of  further  study  of  coals,  furnaces,  and  combustion, 
but  enough  is  now  known  to  enable  an  engineer  to  design  and  operate 
a  steam  plant  without  objectionable  smoke. 
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PREFACE. 


By  ArFKKD  H.  Biu>OES- 


volmne  presents  the  results,  both  geologic  and  topographic, 
fii^t  detailed  survey  made  of  any  of  the  Ala^ska  cofll  Helda 
'  the  other  important  coal  fields  have  Ix^n  covered  by  surveys 
onnaissanee  character  (see  p-  130^  this  report )j  and  it  is  pur- 

0  carry  detailed  .surveys  over  them  as  fast  a;^  they  are  likely 
endered  accessible  by  transportation  facilities,  pnwided  the 
permit, 

an  establi?*hed  polit^y  in  the  inve?5tigation  of  the  mineral  re- 
of  Alaska  to  precede  detailed  work  by  that  of  a  reconnaisstmce 
er*  Thi.s  makes  it  poasible  to  determine  not  only  the  areas 
►ably  gi"eate>st  commercial  importance,  which  should  be  sur- 
II  detailj  but  also  to  obtain  an  insight  into  the  larger  geologic 
IS  and  thu8  pave  the  way  for  the  more  detailed  investigations- 
lowing  report  is  the  result  of  such  a  policy,  a  general  investi- 
af  the  fuel  resources  and  of  the  geologic  problems  connected 
th  of  the  Pacific  coastal  belt  of  iVlaska,"  made  in  190S-4,  hav- 
icated  the  Controller  Bay  region  as  the  part  of  this  province 
rave  promise  of  being  of  greatast  immediate  commercial  im- 
e. 

considered  desirable  that  areas  selected  for  survey,  especially 
)r  mapping  in  detail,  should  be  of  quadrilateral  outline  and 

1  by  parallels  of  latitude  and  meridians  of  longitude.  Un- 
tely  the  means  at  hand  are  not  always  sufficient  to  cover  such 
igles,  and  the  work  is  perforce  confined  to  the  parts  that  are 
test  commercial  importance.  Such  is  the  case  in  the  accom- 
r  map  (PI.  II,  pocket)  of  the  Controller  Bay  region. 

maps  and  text  of  this  volume  present  many  details  of  the 
.  If,  as  is  often  the  case,  a  tentative  rather  than  a  final  con- 
is  presented,  it  should  be  regarded  as  being  due  both  to  the 
comprehensive  knowledge  of  the  whole  Alaska-Pacific  coast 

1,  G.  C,  The  petroleum  fields  of  the  Pacific  coast  of  Alaska  :  Bull.  U.  S.  Oeol. 
o.  250.  100r>.  Mofflt,  l\  II..  and  Stone.  R.  W..  Mineral  rewources  of  Kenal 
,  AlaHka  :   Hull.  I'.   S.  cieol.  Survey  No.  277.  1906. 
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province  and  to  the  lack  of  bed-rock  ezpo8iire8»  wbich  is  so 
iatic  of  much  of  the  r^on,  rather  than  to  a  UA  of  refinemflDt  mUi 
methods.  The  succession  of  Tertiary  rodm  in  the  northmriai 
Pacific-coast  province  of  America  is  but  very  imperfeetfy  knoiii 
and  the  included  floras  and  faunas  have  been  but  little  stndied.  lb 
Martin  had,  therefore,  very  little  except  the  positioii  of  the  faditi 
aid  him  in  his  interpretation  of  structure,  whidi  is  vecy  intzieife 
Though  the  stratigraphic  sequence,  as  here  presented,  leaves 
be  desired,  yet  it  is  undoubtedly  the  best  that  can  be  done  until  (b 
Tertiary  rocks  are  studied  in  adjacent  provinces. 

Though  the  region  lies  near  the  coast  yet  it  is  by  no  means  «M!f 
of  acoeaa.  The  heavy  timber  and  swamps  of  the  lowlands,  the  isv- 
nees  of  roads  and  trails,  and  the  eiEoessive  rain&U  made  the  work 
exceedingly  arduous.  In  view  of  these  ^cta,  Mr.  Martin  and  kii 
assistants  deserve  great  credit  f  w  the  results  obtained. 


GEOLOGY  AND  MINERAL  RESOURCES  OF  THE 
CONTROLLER  BAY  REGION,  ALASKA. 


By  G,  C  MABTm- 


INTRODUCTION- 
LOCATION.  * 

Controller  Bay  is  a  shallow  indentation  in  the  Pacific  coast  of 
|Ja&ka,  sheltered  chiefly  by  Kayak  and  Wing! mm  inlands.  It  lies 
b  latitude  60*^  north,  longitude  144*^  we*it,  being  about  1^250  miles 
torthwest  of  Seattle,  400  miles  northwest  of  Sitka,  and  15  miles  east 
d  the  mouth  of  Copper  Kiver  (PL  I).  The  region  here  to  be  de- 
&ribed  includes  the  shores  of  Controller  Bay,  the  islands  in  and 
itound  it,  and  an  area  extending  for  about  25  miles  mland,  includ- 
ttg  the  entire  drainage  basins  of  Bering  Eiver  and  of  the  other 
treams  emptying  into  Controller  Bay,  and  partes  of  the  headwater 
^•eas  of  the  neighboring  streams.  This  region,  whidi  extends  for 
ciaximum  distances  of  37  miles  from  north  to  south  and  28  miles 
i^m  east  to  west,  covers  a  total  land  area  of  about  480  square  miles. 
t  is  an  isolated  region  of  lowlands  and  hills  of  moderate  altitude, 
hemmed  in  between  the  Chugach  Mountains  and  the  sea  on  the  north 
nd  south  and  between  Bering  Glacier  and  the  Copper  Delta  on  the 
ast  and  west. 

HISTORY  OF  INVESTIGATIONS. 
EARLY  EXPLORATIONS  AND  SURVEYS. 

When  Bering  led  the  first  exploratory  voyage  across  the  North 
Pacific  in  1741,  Cape  St.  Elias  was  liis  first  landfall  and  either 
Kayak  or  Wingham  Island  his  first  landing  place.  The  first  explora- 
tion of  this  province  thus  dates  back  to  the  beginning  of  Alaskan 
history.  But  this  beginning,  although  of  historical  interest,  was  of 
little  importance,  for  Bering  merely  sent  boats  ashore  for  water,  and 
then  went  back  across  the  Pacific  without  extending  his  explorations 
or  even  touching  on  the  mainland.* 

*  Steller,  Georg  Wllbelm,  Bescbreibung  der  See-Reise  von  Kamscbatka  nacb  Amerika, 
Frankfurt,  1774. 
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The  Russians  probably  made  other  visits  to  Controller  B^f  di 
ing  the  l)eginning  of  settlement  and  fur  trade  from  1762  to  171 
but  if  so  they  left  no  records  which  are  accessible.  Other  ea^kn 
sent  out  by  the  Russians,  French,  and  Spaniards  sailed  piit  ti 
coast,  but  there  is  no  record  of  their  having  landed  here. 

Vancouver  and  Puget,  returning  from  Cook  Inlet  in  1794,  tAm 
Controller  Bay,  and  the  latter  spent  considerable  time  there  whibi 
tempting  to  sail  out  through  the  channel  l:)etween  Kayak  Islmad  m 
Okalee  Spit.    Puget's  account  of  this  work  and  his  descriptidBS 
the  regions  <»  are  especially  complete. 

Controller  Bay  and  the  coast  eastward  were  visited  in  1887  bf  £ 
Edward  Belcher,  who  wrote  ^  some  rather  elaborate  but  nonscMOti 
descriptions  of  Bering  and  Malaspina  glaciers. 

Lieut.  H.  W.  Seton-Karr,  after  attempting  to  climb  Mount  i 
Elias  in  188G,  cruised  westward  in  a  small  boat,  spent  some  tune 
a  settlement  on  the  north  end  of  Kayak  Island  and  near  KatallEi  ai 
crossed  the  Copper  Delta.  He  published  a  very  complete  niR 
tive  ^  of  his  journey,  with  general  descriptions  of  the  country  ai 
Avith  sketches. 

All  the  charts  of  Controller  Bay  and  the  neighboring  coast  pa 
lished  prior  to  1908  were  based  on  early  surveys,  probably  by  Tata 
kof .  The  United  States  Coast  and  Geodetic  Survey  mapped  the  Co| 
per  Delta  in  1898  and  made  detailed  surveys  of  parts  of  the  showlil 
and  watei-s  of  Controller  and  Katalla  bays  in  1903,  1905,  and  190 
The  results  of  this  work  are  embodied  in  chart  No.  8513. 

GEOLOGIC   AXD   TUPOGKAPIIIC   SI'RVEYS. 

The  earliest  authentic  references  to  tlie  geology  and  mineral  r 
sources  of  tliis  re^fion  were  l)v  Olipliant,''  Eldridge,''  Spurr,'  Ki 
sopp,^  Stoess/'  and  others.' 

The  facts  to  be  })resented  in  this  volume  have  been  gathered  chief 
during  visits  to  the  region  made  by  the  writer  during  each  of  the  la 

"  Vancouver.  C'apt.  (Ioorj;o.  Voyage  of  discovery  to  the  North  I*aclflc  Ocean,  etc.  In  1 
years  171>()-170r>.  London.  170S.  .'{  v.    (maps). 

^  Heh'her,  Capt.  Sir  Kdward.  Narrative'  of  the  voyage  of  II.  M.  S.  Sulphur  durlBff  1 
years  ls:;«5-m42.  London.   ISi:]. 

*•  Seton-Karr.  II.  W.,  Shores  and  Alps  olWVlaska.  London,  1887,  pp.  138-168. 

•'Ollphant.  F.  II..  IVtrohnnn.  In  Mineral  Resources  U.  S.  for  1897;  Nineteenth  A] 
Rept.  r.  S.  Ceol.  Survry,  pt.  i\  (cont.).  \WH.  p.  1\(K 

<^  Eld  ridge.  <;.  II..  The  coast  from  Lynn  (.'anal  to  Prince  William  Sound:  Maps  and 
script  Ions  of  routes  o(  exploratu)n  In  Alaska  Im  181>8.  a  special  publication  of  the  T. 
(ieol.  Survey.  1S99.  pp.   l(Ki-104. 

'  Spurr,  .1.  E.,  A  reconnaissance  in  southwestern  Alaska  in  1898:  Twentieth  Ann.  Bi 
V.  S.  (;eol.  Survey,  pt.  7.  1{K«).  pp.  L»0.']-'J(>4. 

'  KIrsopp.  John,  Jr.,  The  coal  tlelds  of  Cook  Inlet.  Alaska.  U.  S.  A.,  and  the  Fiid 
coast:  Trans.  Inst.  Min.  Eng.    (England),  vol.  21.  1901.  pp.  .■».'>0-559. 

*  Stoess,  P.  C,  The  Kayak  coal  and  oil  field  of  Alaska  :  Mlu.  and  Scl.  Prees,  fol. 
1903.  p.  (jr.. 

*  See  bibliogruphy  ou  p.  130. 
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four  j'ean?.  A  four  weeks^  reconnaissance  was  made  in  the  sunuiier 
of  1903,  the  reiiults  of  which  were  pii Wished  both  in  attract  ^  and  in 
detail.*  In  1904  about,  ten  days  wore  spent  in  snpplementar}^  i"eron- 
naissanre,  the  results  of  which  were  incorporatt^d  in  the  detailed  re- 
port ^  on  the  preceding  season V  work  and  were  also  presented  more 
fully  ^  by  themsi^lves. 

More  detailed  snrveys  and  investigations  were  made  during  the 
field  season  of  1905,  when  a  combined  geologic  and  topographic 
party  of  ten  to  twelve  men  was  at  work  in  the  region  from  May  21  to 
October  27.  The  obje^^ts  were  to  prepare  a  detailed  topographic  map. 
to  plat  the  geologj^  upon  this  base  map,  and  to  make  the  other  detailed 
studies  of  the  geology  and  mineral  resources  on  which  this  report  is 
based. 

The  topographic  mapping,  which  was  carried  over  an  area  of 
about  430  square  miles,  included  all  of  the  area  within  which  there 
are  indications  of  petroleum,  and  all  of  those  parts  of  the  coal  field 
within  which  there  have  been  actual  or  attempted  developments.  The 
work  of  the  topographers  was  much  aided  by  the  use  of  the  primary 
triangulation  made  by  the  Coast  Survey  and  by  detailed  topographic 
maps  of  the  coal  and  oil  lands  of  the  Alaska  Development  Company 
and  the  Pacific  Coal  and  Oil  Company  made  by  Mr.  J.  L.  McPher- 
son,  Thest^  maps  were  thoroughly  tested  in  the  field  by  lx>th  the 
topographers  and  the  geologists  and  were  found  to  be  of  rare  accu- 
racy and  excellence.  Accordingly  the  areas  covered  b}'  them  were 
not  resurveyed,  and  IVfr.  McPherson's  maps  were  reduc^ed  to  tlie  scale 
of  and  incorporated  in  the  topographic  map  here  published.  This 
map  (PL  II,  pocket)  was  surveyed  on  the  scale  of  1:45000  and  is 
here  published  on  the  scale  of  1 :  62500,  or  about  1  mile  to  the  inch, 
with  a  contour  interval  of  50  feet.  Bad  weather  prevented  the  exten- 
sion of  primary  triangulation  into  the  northeastern  part  of  the  area. 
The  control  of  this  section  was  consequently  based  on  secondary  plane- 
table  triangulation  and  is  subject  to  more  or  less  correction.  It  is 
hoped  that  the  errors  will  not  be  appreciable. 

The  approximate  positions  of  the  Coast  Survey  triangulation  sta- 
tions are  shown  on  PI.  Ill,  and  are  also  stated  in  the  following  table: 

•  Petroleum  fields  of  Alaska  and  the  Bering  River  coal  fields :  Bull.  T^.  S.  CJeoI.  Survey 
No.  225,  1904,  pp.  365-382. 

*The  petroleum  fields  of  the  Taciflc  coast  of  Alaska,  with  an  account  of  the  Bering 
River  coal  deposits  :  Bull.  V.  8.  (Jeol.  Survey  No.  250,  1905.  64  pp. 

«•  Notes  on  the  petroleum  fields  of  Alaska :  Bull.  V.  S.  Oeol.  Survey  No.  2.''>9.  190.'. 
pp.  128-139.     Bering  River  coal  field  :  Bull.  U.  8.  Oeol.  Survey  No.  259,  1905.  pp.  140-150. 
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Latitude  and  longitude  of  Coast  Survey  tiHangulatinn  stations. 


Name  of  nUUon. 


Aid 

Bald  . . . 
Beach.. 

Bert 

Bit 

Bum . . . 
Bunk  . . 

Bust 

Calm... 

Cat 

Cave... 
Chilcat. 
Cinch . . 

Cut 

Dune. 


East  Base  Controller  Bay  . 

Easy 

End 

Eall 

Flat 

Pox . 


Gable  House . 

Qmss 

Green 

Hey 

Hump 

Hunt 

Isle 

Jack 

Last 

Late 

Lost 

Marsh 


Mid. 

North 

North  Base. 
Pen  . 


Pinnacle  Rock 

Pyramid  Peak 

Rain 

Red 

Reef  No.  1 

Rise 

Rock 

Rimh 

Scraggy 

Slope 

Snag 

Spit 

Stump 

Trap 

Wade 

We>«t  Bmse  Controller  Bay. 
Wing 


Latitude. 

o    /      // 

Long 

o 

00 

17 

56.S90 

144  f 

60 

21 

88.511 

146  ( 

60 

10 

87.890 

144  1 

50 

50 

66.426 

144  1 

GO 

00 

36.800 

144  a 

60 

10 

4U).147 

144  S 

60 

10 

46.966 

144  1 

60 

00 

40.967 

144  1 

60 

06 

87.46 

144  3 

60 

11 

20.26 

144  1 

60 

09 

87.998 

144  1 

60 

11 

88.662 

144  1 

60 

06 

44.846 

144  1 

60 

00 

23.074 

144  1 

60 

12 

22.660 

144  4 

60 

01 

40.487 

144  1 

60 

06 

62.666 

144  2 

60 

11 

85.404 

144  1 

60 

04 

46.166 

144  i 

60 

14 

23.136 

144  4 

60 

0» 

46.358 

144  1 

60 

01 

48.048 

144  1 

60 

11 

12.88 

144  9 

60 

02 

28.564 

144  2 

60 

10 

00.658 

144  9 

60 

13 

02.613 

144  4 

60 

04 

16.672 

144  1 

60 

10 

48.80 

144  1 

60 

07 

41.626 

144  2 

60 

10 

66.961 

144  8 

60 

01 

27.520 

144  0 

60 

06 

29.64 

144  1 

60 

11 

06.99 

144  1 

60 

11 

07.248 

144  2 

60 

07 

82.62 

144  2 

60 

16 

31.349 

146  0 

59 

59 

06.63 

144  1 

59 

47 

25.018 

144  8 

59 

65 

45.6 

144  2 

60 

08 

33.948 

144  1 

59 

59 

55. 824 

144  2 

60 

13 

10.599 

144  e 

60 

04 

00.952 

144  2 

60 

00 

28.07 

144  1 

60 

0) 

17. 244 

144  2 

60 

10 

35.330 

144  S 

59 

59 

23.033 

144  1 

60 

11 

05.03 

144  2 

59 

59 

17.045 

144  1 

60 

10 

46.955 

144  8 

59 

57 

38.422 

144  2 

60 

06 

12.277 

144  2 

60 

01 

44.389 

144  1 

(U) 

02 

59.539 

144  2 

About  45  miles  of  precise  levels  were  run  in  the  course  of  tl 
tailed  topographic  work  and  11  permanent  l>ench  marks  wer 
The  line  of  levels  extends  from  tide  at  Katalla  to  the  mouth  of  C 
Creek  via  Bering  River,  with  branches  up  Shepherd  Creek  to  ' 
Landing  and  up  Stillw^ater  Creek  to  Lake  Kushtaka. 

The  following  table  gives  the  position  and  elevation  of  bench 
which  were  established  by  this  pi-ecise  leveling.     All  are  mark 
nluminum  tablets  set  in  rock,  and  the  position  is  also  indicated  « 
to])ographic  map. 


H 

if 


M 


)        A 


BURVETS. 
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I4K!AU04L, 


Elevalton 

OIL  tAEllf^E. 


I 


-l- 


ViLt*11a.  309  fe«t  vrevC  of  post-offlcv;  ta?deE  stl  In  top  of  Intgv  l>QwLdcr(l»  hy  10 

'    by  !0  fffetj  ......  ...„..* .._......,...,.,.,. , *..... 

Poin  t  Hcy  ^  tablet  nt't  io,  ouk*Top  of  »)opitig  fiTDuoth  jtittKttictcmc , 

llautJi  nt  Boring  Ktver;  lAhlct  bcl  In  be«»of  ^llff  becween  wAterf&ll  and  ofAfo 

of  PmiHcOwU  AitdOnCo ,., 

Berltig  Klvi^,  wf^^t  bunk,  I  tuUo  Houtheoit  of  BtsHug  iMk^  iLnd  1  tuilo  wvati 

I    Ol  mouth  of  Guirlll  Rivi?r;  tablet  ^H  Id  fmndntone...^ ., ,. 

H^plierd  rn:elc«  we^t  tunk,  ni^ar  mnn  th ;  Cnbk't  a«c.  In  )iatid«tane  20  feet  fruDi 

F~Wt»ter  line,  on  low  grafftiy  nwale  ImlwcDn  bills.. ., .„, 

ShepH^rd  Cirek.  Wf^t  »ide,  on  rmil  *t  biL«e  of  t^uxp  bills;  tablet  i«Jt  in  eashV 

0tone ouUTOp  lOOlcet  fouth  of  cabin  nt  (unneL....... ,, .... 

Seritig  RiviT,  nortb  bank^  4k  tniks  *f'str>f  mnHtb  of  StlUwuitr Creek;  tablet 
i   wet  Id  lAiidiitofkfl  lENige  ^i  basti  of  2&'foQt<!hff  in  tlisi  timbered  hill  abovu 

L  Beiinr  Liifcii „...,.. .,.„,„. * , , , .  —  „  - 

taering  KfveT&t  mouth  of  l^tlJlwattr  Creek:  tablet  aet  in  Nindstonc:  nt  baiK'  I 

'   ofal^fool  cliff.  SO  ffetwftitb  of  giiUyon  west  nide of  creek  „..* ..h.**,. 

0tlllwi3tf^r  Crv^'k,  2J  inili'^^hEKne  ItAmunHb:  tablet  net  in  Handctone  on  edgu 

"    of  trail  j  tD lie  abr>ve  CunnmghADi'a  waiuhoupe.,,.,....... -.**,,.,. 

|Ak€  KoMitiika.  at  out  bet ;  tublet  f^et  in  ^'andstume  2i>  f«et  trotn  edge  of  wAt^r..: 
pbftn#RlY«r,  about  NKJ  feet  north  of  month  {>f  Ifpwt^r  fork  of  CaDVrjn  Timk: 

tiJbleIwi  in  biat'^t  mLUd^Wt^v  oti  wixHl^.'d;  fioLnt  at  wta^t  Nldei  of  gruvel  flat, 

^lOUt  fiOO  feret  north  of  pt^int  where  trail  leavi.<^  B^^rlng  Hlver , . , 
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10 

s 
7 
n 

47 
21 

49 


0.909 


6.^m 

47.049 

4i».  mi 

»*.72» 
iA.OtO 


*  The  determination  of  menn  tide  at  Katalla  \»  hailed  OD  olmerratlonB  e]( tending  for  onl^r 
iwrtity-four  hoiirw.  and  coDHc<]nent]y  is  only  at>prnxlmate.  The  adjawted  tlevatlona  of  fhe 
bench  marker  ub  given  tii  the  tnble  are  regarded  as  eorreet  wtthln  0,1  foot  with  ri*ference 
to  the  KatalJa  bench,  but  are  i^nbject  to  &  probably  greater  correction  on  more  accurate 

l^termlnattoti  of  meaa  tide- 

Keconiiaissanec  i^urveys  wei^  also  made  in  190ij  to  connect  with  the 
maps  of  the  Copper  River  region.  During  the  following  season  the 
reconnaissance  topography  was  extended  to  the  north  and  east  The 
data  thus  obtained  were  used  in  the  preparation  of  Ph  I,  in  compiling 
which  earlier  maps  by  the  Geological  8urvey  in  neighboring  i^gioiis 
and  by  the  coast  and  boundary  surveys  were  also  employed. 

The  geologic  work  of  1905  was  carried  over  the  same  area  as  the 
topography,  and  a  geologic  map  showing  the  distribution  of  the 
several  formations  was  prepared  (PL  V,  pocket).  Numerous  sections 
were  measured  and  coal  samples  were  collected  at  most  of  the  more 
important  openings.  The  results  of  this  work  have  already  been 
published  in  abstract,*  but  are  given  more  completely  on  subsequent 
pages.  Part  of  the  season  of  1906  was  spent  in  completing  the 
geologic  work  begun  in  the  preceding  year.  The  results  of  that 
year's  work  were  also  incorporated  in  an  abstract  report  ^  which  has 
already  appeared. 
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COMMERCIAL  DEVELOPMENTS. 

The  first  white  men  who  settled  in  this  region  were  traders  who 
were  attracted  by  the  sea  otters  which  the  natives  had  for  a  long 
time  been  catching  around  the  rocks  off  Kayak  and  Wingham  islands. 
Trading  posts  were  established  during  the  Russian  occupation,  and 
soon  after  the  transfer  the  Alaska  Conunercial  Company  is  said  to 
have  had  a  station  here.  After  the  decline  of  the  sea-otter  industry 
attempts  were  made  to  establish  salmon  canneries,  but  they  were 
not  successful,  although  a  cannery  on  Prince  William  Sounc^  still 
finds  it  profitable  to  send  steamers  to  Bering  River  for  fish. 

The  existence  of  coal  and  petroleum  was  probably  learned  from 
the  natives.  However  that  may  be,  these  materials  began  to  attract 
attention  in  1896  and  soon  brought  in  large  numbers  of  prospectors. 
The  first  oil  well  was  begim  in  1901,  and  drilling  has  been  in  progress 
more  or  less  actively  ever  since.  (See  p.  113.)  A  producing  well  was 
obtained  in  1902  and  an  oil  boom  resulted.  Companies  were  floated 
on  cheap  stock  and  promises,  large  areas  of  nuul  and  ice  were  staked 
and  sold,  and  drilling  was  begun  wherever  any  kind  of  rig' could  be 
procured  and  landed.  A  large  number  of  the  oil  companies  never 
progressed  beyond  the  sale  of  stock,  and  some  possibly  never  intended 
to  do  so.  Others  began  operations  without  obtaining  competent  ad- 
vice and  with  no  idea  of  the  problems  before  them.  A  few  started 
in  a  conservative,  intelligent  way  to  thoroughly  test  the  field.  None 
have  thus  far  secured  any  return.  It  is  now  realized  that  oil  drilling 
in  a  new  field  is  uncertain,  and  at  best  requires  time  and  money,  and 
that  Alaska  oil  fields  are  at  a  greater  disadvantage  than  more  access- 
ible localitie.s.  It  is  still  doubtful  how  and  where  producing  wells 
are  to  be  obtained  and  uncertain  whether  even  successful  wells  will 
justify  the  present  high  cost  of  drilling  and  operating  in  this  region. 

The  coal  was  discovered  at  about  the  same  time  as  the  petroleum. 
Probably  all  of  the  coal  land  within  easy  reach  has  now  been  located. 
The  lands  have  lx»en  for  the  most  part  surveyed  for  patent  applica- 
tion by  dei)uty  mineral  surveyors.  A  large  number  (probably  several 
hundred)  of  surface  prospect  openings  have  been  made,  and  about  20 
i tunnels  have  been  begun. 
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^■pMlplel^  title''  Hhs  iiot^  so  far  us  is  kiKAvn  to  the  writer  (U^UTj, 
PImi  obtained  by  any  of  the  locators,  either  here  or  elsewhere  in 

J  The  impoHanre  of  transportatioii  has  been  realized  from  the 
P>eginning  of  the  development  of  the  iTgion.  The  building  of  trails 
yind  roads  ha.s  gone  on  from  year  to  year  until  foot  travel  is  now 
|iasy«  Railroad  preliminarieji  have  been  in  progreijis  at  intervals  for 
yieveral  yeai's,  the  following  routes  Iiaving  been  ^^urveyed :  From  th« 
st  .shore  of  Controller  Bay  to  the  valley  of  Shepherd  Creek ;  from 
^oint  Hey  to  Sliepherd  Ci^ek  via  Katalla  Valley;  from  ^\^lale 
sland^  via  Katalla  Valley,  to  Lake  Charlotte  and  thence  to  Copper 
iver  and  into  the  interior;  from  Katalla  Bay  to  Copj>er  River  and 
thenee  up  Copper  River;  and  from  Canyon  Creek  to  Controller  Bay* 

Construction  of  wharveH  and  breakwaters  at  Katalla  Bay  and  at 
\\Tjale  Island  and  of  two  railroads  \viis  begun  in  VM}T. 

GENERAL    CHARACTER    OF    THE    COUNTRY. 

njiiH^RArin* 

Tlie  Controller  Bay  region  ronstitutes  an  area  of  low  hi  mis  at  id  of 
lillji  of  mcHleratc  height,  lying  Ix^twtvn  tlie  Chngadi  Mountains  and 
Ihe  !^a  on  tlie  north  and  south  and  between  Bering  Glacier  and  the 
Copper  Delta  on  the  east  ami  west. 
The  Chiigach  M(juntains  are  high  and  rugged  (see  PL  IV,  ^4), 
^io«t  of  the  prominent  peaks  having  elevations  of  from  (^OOO  to 
32,000  feet,  and  .send  out  long  spui-M  toward  the  southwest,  which 
b:rit dually  deerea.se  in  height  as  they  approach  the  sea.  The  hills 
l*nd  mountains  of  tbe  northern  and  western  parts  of  this  region  ai-e 
fciuch  spurs.  Most  of  the  other  hilts  staml  as  isolated  peaks  and 
t^idge-s  or  as  isolated  grou[>s,  whli-h  are  either  surrounded  by  water, 
i^s  the  ridges  on  Kayak  and  Wingham  ishiuds,  or  by  mud  and  gravel 
Qat^s.  as  Mount  Campl>elL  Nicliawak  Mountain,  Gandil  Mountain, 
tind  the  gi'oup  of  hills  south  <\f  Her iiig  Ijake,  The  elevation  of  tiie 
tnountains  within  the  area  described  in  this  report  is  in  general  less 
tlian  2,000  feet,  and  does  not  exceed  2,500  feet,  except  in  the  western 
^nd  northern  parts  of  the  region,  where  numerous  peaks  rise  to 
heights  of  from  2,500  to  4,150  feet.  The  highest  of  the  summits  are 
*ti  the  extreme  northeastern  part  of  the  region,  close  to  the  Chugach 
Klountains.  The  hills  are  in  general  characterized  by  steep,  canyon- 
^shed  slopes  below  timl>er  line,  rounded  peaks  and  flattish  areas 
between  timber  line  and  an  elevation  of  1,800  to  2,000  feet,  and  sharp 
t>eaks  and  ridges  above  2,000  feet. 

•Sec  Coal-land  laws  and    resulatloiiH    theixnimler    (a   pamphlet   issued  by   the  General 
^nd  Office  April  12,  1907),  pp.  12-10. 
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GLACIEB8. 

Bering  Glacier,  which  lx)rders  the  region  on  the  east,  is  a  hug^ 
even-surfaced,  stagnant  mass  of  glacial  ice,  which  is  fed  by  minj 
valley  glaciers  coming  from  the  high  mountains  north  of  it.  It  is  i 
piedmont  glacier  of  the  same  general  character  and  of  about  & 
same  size  as  Malaspina  Glacier.  Portions  of  its  surface  form  a  good 
highway  to  some  of  the  coal  camps  in  the  east  end  of  the  Bering 
River  coal  field,  but  most  of  it  is  so  covered  by  irregular  masBtf  of 
rock  and  gravel  and  so  much  crevassed  that  travel  over  its  sur&ce 
is  difficult  and  dangerous. 

Martin  River  Glacier,  which  lies  north  of  the  coal  field,  is  into- 
mediate  in  size  and  character  between  Bering  Glacier  and  tH<*  tr^iical 
valley  glaciers.  It  is  formed  by  the  union  of  several  valJey  glaciei^ 
wlii<*h  come  out  from  the  high  mountains  (see  PL  IV,  A ) ,  and  fi- 
pand  into  a  bulb-shai^ed  terminus  on  reaching  low  ground.  Mnrh 
of  its  surface  is  deeply  buried  by  moraine  and  is  flat,  but  most  of  it 
is  deeply  crevassed.  Two  lobes  of  this  glacier  extend  into  the  val 
leys  occupied  by  Kushtaka  Lake  and  Lake  Charlotte.  The  former  is 
known  as  Kushtaka  Glacier.  ^ 

Several  small  glaciers  occupy  positions  on  the  colder  slopes  <rf 
higher  mountains  within  the  area  here  described.  The  largest  of 
these  is  in  the  east  end  of  the  coal  field  and  is  known  as  Slope  Gb- 
vun\  Three  very  small  ones  are  near  it,  and  an  unknown  number  of 
small  glaciers  of  various  sizes  occupy  the  high  valleys  on  the  west 
slopes  of  Ragged  Mountain. 

STREAMS. 

The  streams  of  this  region  have  their  supply  partly  from  lo(«l 
rainfall  and  partly  from  the  melting  of  the  glaciers.  Both  sources 
are  lar^re,  and  the  streams  are  all  of  great  volume  in  proporti<Hi  to 
their  len<rtii  and  are  subject  to  severe  floods. 

Kerin*!:  River  drains  the  <j:reater  part  of  the  region.  This  stream 
has  its  source  in  lakes  on  the  margin  of  Bering  Glacier.  (See  PL 
VI,  .1,  p.  40.)  It  flows  southwestward  for  about  12  miles  until  it 
approaches  Bering  Lake,  whore  it  spreads  into  a  broad  delta.  The 
water  j)asses  in  part  through  the  delta  without  entering  the  lafe 
and  in  part  into  the  lake  and  out  again  at  its  southeast  comer,  what 
the  river  is  reunited  and  flows  southward  for  8  miles  to  the  north- 
east corner  of  Controller  Bay.  The  lower  course  of  Bering  River 
is  tidal,  the  current  running  in  both  directions  at  rates  of  3  to  5  miles 
per  hour  with  the  tide.  The  water  of  Bering  Lake  hern  a  rise  an<l 
fall  of  1  to  l\  feet.  Bering  River  id)0ve  the  lake  is  nontidal,  the  cur- 
rent running  from  s  to  10  miles  per  hour  in  the  upper  part  and  about  | 
8  miles  per  hour  in  the  vicinity  of  the  lake.  The  tributaries  of 
Bering  Rivor  above  the  lake  include  Canyon  Creek,  which  has  it? 
source  on  tlu*  southern  margin  of  Martin  River  Glacier;  Stillwater 
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ich  drains  Lake  KiLshtaka  and  receives  a  large  part  of  its 
>m  the  Kuslitaka  lobe  of  Martin  River  Glacier;  and  Sliep- 
k,  whieh  drains  Lake  Cliarlottc  iind  several  other  Kmall 
le  margin  of  the  same  ghieier.  Tlie  chief  tributaries  ijeiow 
re  Gandil  and  Xichawak  rivers^  which  drain  parts  of  tlie 
Bering  Glacier* 

er  streams  include  Campljell  and  Edwardes  rivers,  which 
B  southwest  margin  of  Bering  Glacier  and  enter  the  east 
botroller  Bay;  Katalla  RivL^r,  which  rises  in  the  hilb  west 
Lake  and  flows  ititiv  Katalla  Bay;  and  several  of  the  head- 
utarie.";  of  Martin  River,  The  latter  rises  on  the  western 
Martin  River  Glacier  and  in  Tokun  Lake,  and  Hows  west- 
I  it  reaches  the  east  edge  of  the  Copper  Delta*  The  waters 
le,  part  entering  the  delta  of  the  Copjier,  and  part  flowing 
edge  of  the  mountains  close  to  the  delta  and  entering  the 
[hs  behind  Softuk  Bar. 

CLIMATE,      * 

t^orologic  observations  have  been  made  at  points  within 
here  described,  and  so  the  following  discussion  is  partly 
the  records  at  neighboring  station!^,  supplemented  by  (lie 
3nerai  knowledge  of  weather  conditions  during  the  sum- 
03  to  1906,  inclusive. 

owing  local  meteorologic  records  were  made  and  have  been 
by  the  Katalla  Company  : 

mperature,  cloudiness,  and  precipitation  at  Katalla,  1907, 


Temperature  CF.). 

Clondlness  (number  of  days). 

Precipitation  (inches). 

Maxi- 
mum. 

Mini- 
mum. 

Mean. 

Clear. 

Partly 
cloudy. 

Cloudy. 

Rain. 

Rain.     Snow. 

Total. 

42 

4 

10.0 

24 

2 

5 

7 

No  recor 

rt. 

36 

o 

23.. -i 

13 

2 

13 

13 

No  record. 

Xi 

4 

23.1 

14 

f> 

8 

11 

No  record. 

50 

2:i 

35.8 

8 

10 

12 

12 

7.5    1      2.0 

67 

30 

44.2 

11 

6 

14 

17 

4.&'.    - 

4.85 

80 

41 

rrf).o 

6 

9 

15 

16 

8.29    

8.29 

78 

42 

Tm.O 

1 

8 

22 

23 

11.95  ' 

14.95 

Si 

44 

59.4 

5 

11 

15 

17 

11.41    1 

11.41 

76 

37 

52.0 

8 

11 

11 

1J> 

12.34 

12.34 

54 

22 

41.7 

1 

7 

Zi 

29 

2-..  52 

1.25 

25.62 

52 

20 

,34.4 

3 

9 

18 

23 

11.44 

15.5 

12.44 

44 

4 

32.0 

5 

7 

19 

23 

10.2 

15.75 

11.48 

84 

2 

30.2 

IK) 

91 

175 

210 

"101.38 

«  Eight  months. 

irest  stations  at  which  meteorologic  records  have  been 
Orca,  45  miles  to  the  nortliwest ;  Nuchek,  70  miles  to  the 
t  Liscum,  00  miles  to  the  northwest,  and  Sitka,  400  miles 
hea.st  of  KataUa. 

hese  stations,  as  well  as  the  region  here  described,  are  iii- 
►vhat  Brooks  and  Al)l)e "  have  desifniated  the  ''  Pacific  coast 


.   II.,  and  Al)be.   <'..  jr..   (Jenoral   cllmntolojjy   of  Alaska: 
No.  45,  1000.   pp.   14S    149. 
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climatic  province,^  which  is  characterised  by  heayy  rainfall  ind 
cloudy  weather  and  by  moderate  winter  and  low  summer  tempen- 
tures.  Oeneral  conditions  throughout  the  province  are  weU  illus- 
trated in  the  following  tables,*  giving  the  temperatures  and  rain&U 
at  Orca,  Nuchek,  Fort  Liscum,  and  Sitka : 

Temperature  CF,)  at  stations  nearest  Controller  Bap, 


The  year S7 


January . . . 
Ftebniary-. 

Mansh 

April 

May....... 

June  .^,..-. 

July 

Augtiat .,... 
S^  tern  bar. 
October  _.. 
November. 
LkecQinber . 


Hwxlmum. 


I 


49 

u 

54 

'   70 

70 


40 


s 


m 

fi4 
4!» 
47 


90 


SB 

I 


Ulnimiim. 


-a 

-  3 

-  X 

S3 
7 


?9i  -a 


i« 

IT 
27 

47 
4€ 


22 

m 

1*1 


I 


^14 

-  8 
2 

25 

30 

29 

19 

0 

"IS 


M>2 
^0 

41.9 
4flLd 
&l.fl 
M.4 
64L§ 

4Bl7 


2  '    -U  '  44.5     4La 


3a^» 

401.O 
44,8 
fiZ,4 

n.1 
4011 

m4 


1 


ml 
ml 
mi 

ti.i 
m4 

ms 
mi 

4LI 


■« 


«  November.  1867.  to  May.  1877 ;  April.  1881.  to  September,  1887 ;  July.  1888,  to  Wbn- 
ary,  1899 ;  May.  1890.  to  l>ecember,  19()2. 
^October,  1S83.  to  August  31.  1884. 
'•Broken  record  from  June.  1899.  to  October.  1005. 
*  January,   1901.  to  December,  1902. 

I'ncipitation  at  station.^  nrarcst   Controller  Bay, 


Nuinbcrof  days  with  ruin  i*-x-  .Rainfall     (inrhidini?     molted 
coodiiiK  0.01  incli.  i       hnow),  inches  p(>rmonib. 


■7.      1 

:     kks 

•SA.  0 
8.0 
21.0 
18.0 
is.  5 
10.5 
18.5 
13.0 
19.0 
22.0 
1?.0 
19.0  : 

1 
k 

14.0 

U.7 
IS.O 
10.7  . 
10.8 
14.8 
14. 5 
21.2  . 
13.0 
14.7 

7 

u; 
17.  r> 

f>.0 
14.5 
9.0 
9.0 
8.0 
14.5 
28.5 
22.6  1 
22.0 
11.5 
13.0 

J* 
'J. 

12.17 
7.47 
6.70 
5.61 
4.17 
3.81 
3.66 
5.84 
9.67 

11.96 
9.80 
7.81 

1 

12.58 

7.49 

18.69 

12.70 

12.06 

5. 55 

4.65 

14.35  1 

15. 2« 

21.53 

9.97 

14.52 

i 

January 

21.  m 

9.15 
18  02 
16.92 
18.92 
4.17 
9.98 
14.18 
22.96 
21.50 
10.51 
16.81 

9.«: 

February  

Man'h 

1^9 

]s.o 

l.W 

April 

June 

July 

Aujnwt 

8eptem  ber 

October 

12.  <; 

,       16.1 

1     13.  r. 

11.9 

Hi.  8 

19. 5 

21.7 

4.V 
2.2S 
0.W 
4.21 
12..^ 
14.2; 
142* 

November 

19  6 

6« 

December 

18.9 

5.S4 

The  year 

207.9 

203.5  1 

172.8    ; 

176.0  . 

8.8.10 

190.09 

149.33  , 

81.33 

"Compiled  from  reports  of  voluntary  observers  of  the  weather  bureau  of  Alaska  M 
published  In  the  reports  of  Prof.  C.  C.  (ieorjjeson  on  ajjrlculturnl  InvestlKations  In 
Alaska. 

»  November,  18U7,  to  May.  1S77;  April.  1881,  to  September.  1887;  July.  1808,  to  Febru- 
ary. 1809;  May.  1800,  to  December,  1902. 

••Octolier,  1883.  to  AuRUst  31,  1884. 

••  Broken  record  from  June.  1800.  to  October.  1905. 

•  January,  1001,  to  December.  1902. 
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iii^t^thitf  it^miuraiurf  tmd  prcmintaiiftn  at  Ort*it  frr^m  Junv,  iSDfl,  in  Oetnbvr, 

1903. 


feVSr^;::::;::::::::::::::: 

rJoly^  8  yeara .,,.,. 

'  Ai]>fui*t.  4  yvatf,.^ ,_,, _,, 

October,  (i  years ^ *•_-...*._/.. 

D«<c&mb4Lrr.  e  ytiiTB* — .-,__. 


Term  of  rBi."cird  . . . . 
A  veniff«  fcir  year .  * 


Tempemture  t**F.). 


PreclpltAtlon* 


lerm  ol  reoord. 


Avonifrvfl  hy  mantlui. 


Mjuci- 


miim. 


HaxI- 


•11.3 
7fl.SS 


MhiJ- 


11.2 
U.0 
29.0 

m.o 

40.1 
11.5 

13.0 


Umn. 


25.  SO 

mo7 

31.47 

w.m 

57.  «3 
55.  S3 
52. 3B 

:ii.7a 


4L34 


with  rail) 
orimow 


H.O 
9.7 
m7 
H.7 
]«.0 
10.7 
1(1.  R 
U.S 
1C5 
21.2 

m.o 

U.7 


ITIIS 


Amount 


12. 5g 
1.49 

12.70 

12.  oe 

11. 35 
15.2fl 

ai.Sii 


Ud/M 


Thf*st^  tablets  show  n  muximum  of  precipitation  and  of  winter  tem- 
jK*ratuiT*  jirid  u  miniHunn  of  summer  temi>enitiire  on  the  ^^eiiward 
I  border  of  Prince  Willi  am  Sound  in  the  vicinity  of  Kuchek  and  Orca. 
[The  precipitation  l>econieft  gradiudly  le^5S  and  the  range*  of  tempeni' 
tui*e  greater  away  fi'oni  the  opon  sea,  ui^  isi  shown  by  the  very  niiurh 
decreased  rainfnll  jind  \\w  sliirlilly  rm>li»r  snrniHt^r  nnil  niui*h  t^alder 
winter  temperatures  at  Fort  Liscum.  In  the  direction  of  Sitka  the 
change  consists  of  a  decrease  in  rainfall,  with  higher  summer  and 
lower  winter  temperatures. 

The  climatic  conditions  on  Controller  Bay  probably  differ  little  if 
any  from  those  at  Orca  and  Nuchek.  The  rainfall  is  enormous,  possi- 
bly even  rivaling  that  at  Nuchek  and  Orca,  where  there  are  records 
of  198  and  143  inches  of  precipitation  in  single  years.  May  and  June 
are  sometimes,  but  not  always,  somewhat  drier  than  the  rest  of  the 
summer.  There  is  almost  invariably  clear  w^eather  with  and  follow- 
ing a  west  or  southwest  wind,  and  rainy  weather  with  an  east  wind. 
The  severe  storms  all  blow  from  the  east  and  northeast. 

VEGETATION. 

The  vegetation  of  this  region  is  closely  related  to  its  topographic , 
features.     The  three  following  types  may  be  recognized: 

Swamps  and  meadows :  These  are  developed  upon  the  alluvial  flats 
and  their  growth  consists  predominately  of  grass  and  small  bushes. 
Trees  are  restricted  to  willow  and  cotton  wood  on  the  borders  of  the 
watercoui'ses,  and  spruce  and  hemlock  on  the  drier  sandy  j^laces,  such 
as  abandoned  beaches  and  watercourses. 

Evergreen  forests:  Spruce  and  hemlock  predominate  in  the  denser 
forests,  which  are  hx^ated  on  the  lower  slopes  of  the  hills  and  moun- 
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tains.  They  extend  from  the  edges  of  the  alluvial  flats  to  an  eleva- 
tion of  800  to  1,000  feet,  where  they  begin  to  gradually  thin  out.  The 
interspaces  between  the  groups  and  areas  of  trees,  which  widen  toward 
the  higher  altitudes,  are  filled  with  grass  and  with  dense  thickets  of 
alder  and  willow.  The  general  upper  limit  of  the  forests  is  at  an 
altitude  of  about  1,200  feet,  and  the  extreme  upper  limit  of  good 
trees  is  1,700  feet.  The  trees  on  the  lower  slopes  are  very  large  and 
densely  spaced,  and  the  quality  of  the  lumber  is  fair. 

Mountain-top  vegetation:  The  upper  sloi^es  and  summit  of  the 
hills  and  mountains  above  the  tree  line,  as  defined  above,  are  partly 
bare  (see  PI.  IV,  A,  p.  16)  and  partly  covered  with  grass,  small  herl^ 
and  bushes,  and  stunted  alders  and  spruce.  It  is  worthy  of  note  that 
vegetation  of  this  type  descends  far  lower  in  thiU  region  than  is  usual 
in  this  latitude.  The  importance  of  this  characteristic  lies  in  th^ 
fact  that  it  restricts  the  area  of  valuable  timber  and  affords  easy 
travel  m  considerable  areas  above  timber  line. 

SETTLEMENTS. 

The  post-office  and  chief  trading  center  for  the  entire  Controller 
Bay  region  is  Katalla,  which  is  situated  on  the  shore  of  Katalla 
Bay  and  is  now  the  landing  place  of  the  steamers.  Chilkat,  near  the 
mouth  of  Bering  River,  is  a  mixed  settlement  of  whites  and  natives 
and  is  a  stopping  place  on  the  way  up  the  river  to  the  coal  field.  The 
town  of  Kayak,  on  Wingham  Island,  which  was  formerly  a  post-office 
and  steamer  landing,  is  now  practically  abandoned.  There  are  no 
other  settlements  excej)t  the  camps  of  the  various  coal  and  oil  com- 
panies, which  are  scattered  throughout  all  parts  of  the  region. 

TRANSPORTATION. 
EX  1  ST  I  N  ( i    1  A  ('  I T.  ITl  KS. 

The  only  conmiunication  with  other  iv^ions  is  b}'  water.  Katalla 
is  a  regular  stopping  place  for  steamers  from  Seattle  to  Valdez  and 
Seward,  there  IxMUg  five  or  six  boats  a  month.  The  voyage  from 
Seattle  to  Katalla  requires  three  and  a  half  to  four  days  ''  outside 
rout<» "  or  seven  to  eight  days  ''  inside  route  "  via  Juneau.  The 
nearest  large  towns, are  Juneau,  which  is  from  two  to  three  days' 
journey  to  the  east,  and  Valdez  and  Scwaid,  which  are  from  ten  to 
eighteen  hours  and  from  twenty-four  to  thirty-six  hours,  respectively, 
to  the  west.  There  are  telegraph  and  cable  offices «  at  these  towns.* 
Valdez  and  (he  other  Prince  William  Sound  ports  can  also  Iw  i^eached 
by  crossing  (he  Copper  Delta  in  a  small  boat  to  Orca,  a  two-day 
journey,  fiom  which  place  theie  is  regular  and  frequent  communica- 

*•  rians  are  also  under  way  to  coauect  Katalla  with  the  existing  cable. 
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tion  with  Valdez  and  the  other  Prince  William  Sound  towns  by 
launches,  in  addition  to  the  ocean-steamer  service. 

There  is  regular  transportation  of  passengei's  and  freight  from 
Katalla  to  all  parts  of  Controller  Bay  and  to  Bering  Lake  by  launches, 
and  much  of  the  rest  of  the  region  is  accessible  by  means  of  canoes. 
Bering  River  as  far  as  the  mouth  of  Canyon  Creek,  Stillwater  Creek, 
Shepherd  Creek,  Gandil,  Nichawak,  and  Katalla  rivers,  and  others 
of  the  larger  streams  are  navigable  for  canoes  and  poling  boats. 
Most  of  the  local  transportation  is  consequently  effected  in  this  way. 

Land  travel  is  not  practicable  excej^t  where  trails  have  been  built, 
because  of  the  dense  vegetation,  the  swampy  character  of  the  flats, 
and  the  large  number  of  streams.  Most  of  the  trails  are  indicated  on 
the  maps  (Bis.  II,  V,  VIII).  The  most  important  of  these  trails 
include  those  from  Katalla  to  Mirror  Slough,  from  Katalla  along 
the  beach  to  Strawberry  Harl)or  and  to  the  head  of  Katalla  Slough, 
from  the  mouth  of  Bering  River  to  the  head  of  Katalla  Slough 
(which  is  practically  a  well-built  wagon  road),  from  the  mouth  of 
Dick  Creek  to  Lake  Tokun,  from  Canoe  Landing  up  Shepherd  Creek 
to  Lake  Charlotte  with  a  branch  from  Carbon  Creek  across  Kush- 
taka  Ridge  to  Kushtal^a  Lake,  from  Canoe  Landing  direct  to  Kush- 
taka  Lake,  from  the  mouth  of  Stillwater  Creek  to  Lake  Kushtaka 
with  branches  up  Clear  and  Trout  creeks,  from  the  mouth  of  Still- 
water Creek  up  Canyon  Creek,  and  across  Carbon  Mountain  to  First 
Berg  Lake.  From  this  last  point  the  shores  of  Iferg  Lakes  (see  PL 
VI,  x4,  p.  46)  and  a  portion  of  the  surface  of  Bering  (ilacier  affords  a 
highway  into  all  the  valleys  opening  on  the  lobe  of  Bering  (irlacier, 
which  borders  the  five  Berg  Lakes.  Other  shorter  trails  reach  prac- 
tically all  the  camps  which  are  not  accessible  by  water.  Short  tram- 
roads  have  been  built  from  the  head  of  Katalla  Slough  and  from  the 
mouth  of  Redwood  Creek  to  neigliboring  oil  wells  and  from  Canoe 
Landing  to  a  coal  opening. 

RAILWAY     IIOITTES. 

Reference  has  already  l)een  made  (p.  15)  to  the  railway  surveys 
which  have  hitherto  been  made  or  which  are  in  progress.  The  object 
of  these  proposed  roads  is  to  make  the  Bering  River  coal  accessible 
for  .shipment,  or  to  provide  a  route "  to  the  copper  deposits  and  other 
resources  of  the  Copi)er  River  region,  or  both.  The  (conditions  which 
will  govern  the  selection  of  the  route*  include  the  character  of  the 
harbor  at  the  terminus,  the  cost  of  construction  and  operation  of  the 
road,  and  the  prospt^ctive  freight  tonnage. 


•  Brooks,  Alfred  H..  Uailwny  routos  :  Bull.  V.  S.  (Jool.  Survey  No.  284,  IfMm,  pp.  10-17; 
Kallway  routes  lu  AhiHku  :  Nat.  (leoK.  Mag..  1907,  pp.  1(5-190. 
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The  harbors  which  have  been  considered  by  the  various  interests 
purposing  to  build  a  railroad  include  Controller  Bay,  Katalla  Bay, 
the  shelter  afforded  by  Fox  and  Whale  islands,  and  Orca  Bay. 

Controller  Bay  gives  good  shelter  for  large  vessels,  but  is  often 
too  rough  for  small  boats.  The  anchorage  is  good  and  the  channel 
deep,  but  the  deep  water  is  a  long  distance  from  shore.  The  broad 
shoals  which  border  the  bay  on  the  north  and  east  sides,  the  lack  of 
shelter  for  small  boats  in  the  steamer  anchorage,  and  the  fact  that 
the  bay  is  more  or  less  filled  with  ice  in  severe  winters  all  count 
against  Controller  Bay  as  a  railway  terminus,  although  its  use  is 
admitted  to  be  possible. 

Katalla  Bay  has  sufficient  depth  of  water,  good  ancl\orage,  and  is 
entirely  free  from  ice  in  all  seasons.  It  is  open  between  the  south  and 
southwest,  but  has  good  shelter  from  the  north  and  east.  Inasmuch 
as  all  severe  storms  come  locally  from  the  east  and  northeast,  it  is 
claimed  by  many  that  Katalla  Bay  in  its  i>resent  condition  is  a  good 
harbor  and  that  steamers  could  tie  to  wharves  in  it  under  all  condi- 
tions. The  deep-water  anchorage  is  not  safe  for  small  boats  in  bad 
weather,  but  Katalla  Biver  and  Slough  give  perfect  shelter  and  can 
usually  be  entered  at  high  tide  by  anything  drawing  less  than  10  feet, 
although  the  bar  is  often  dangerous  for  .open  boats  except  at  flood 
tide.  Plans  have  been  made  to  build  breakwaters  which  will  give 
shelter  from  all  directions  at  the  proposed  wharves.*  Katalla  Bay  is 
perfectly  practicable  as  a  harbor,  provided  that  severe  storms  do  not 
come  from  the  southwest  or  west,  or  that  breakwaters  can  be  built  at 
reasonable  cost. 

Fox  and  AVliale  islands  give  good  shelter  except  from  the  southwest 
and  west,  and  have  deep  water  close*  to  tho  ishiuds.  The  propoi^l 
plan  *»  is  to  connect  Whale  Island  with  the  mainland  by  a  causeway 
(this  interval  is  dry  at  half  tide)  and  to  build  wharves  from  the  west 
shore  of  Whale  Island.  A  further  suggestion  is  to  build  breakwaters 
connecting  Whale  and  Fox  islands  and  westward  from  the  latter. 
This  pr()j)osition  is  similar  to  that  at  Katalla  Bay,  excei)t  that  deep 
water  is  nearer  shore  at  the  islands,  but  the  area  of  natural  shelter  is 
smaller.  Here,  as  at  Katalla  Bay,  it  is  a  question  of  safety 'from  possi- 
ble southwest  storms  and  of  cost  of  breakwaters. 

Orca  Bay  is  a  good  harbor,  being  large,  deej^,  and  perfectly  shel 
tered.  No  harbor  improvements  would  be  necessary,  except  buoys  and 
wharves.  Its  disadvantage  as  a  harbor  lies  in  its  distance  from  the 
open  sea,  the  entrance  l)eing  around  Cape  Ilinchinbrook  (see  PL  I). 
As  far  as  its  possible  use  as  i)ort  for  the  ControUer  region  is  con- 
cerned, it  has  the  further  disadvantage  of  distance  by  rail.  This 
point  will  l>e  discussed  later  (i^p.  23-2-4). 

•  Work  was  beRun  ou  tVvVa  v^oJ*^^'*^  in  10U7. 
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EOtETES. 

The  passihilities  of  railway  construction  from  any  of  the  abov^e- 
mentioned  local  hiirliors  tu  the  F^Sering  River  coal  fields  are  well  shown 
on  the  accompanying  topographic  map  (PI*  II,  pocket),  and  are  ali^o 
indicated  by  the;  lines  of  levels  represented  hy  the  lirtt  of  bench  marks 
on  page  13. 

It  can  readily  be  seen  from  the  nnip  that  grades  are  insignificant 
and  that  the  only  problems  will  be  those  connected  with  ballasting 
and  bridges.  The  broad  iiUuvial  flats  ai-e  swamj^y  and  are  underlain 
by  muck,  consefjuently  much  ballast  and  ditching  will  lx>  necessary. 

A  road  from  either  harbi>r  ^  in  the  v^icinity  of  Katalla  to  the  coal 
field  will  naturally  follow  the  bmad  valley  of  Katalla  River,  cross  the 
05- foot  (more  or  less)  divide  lo  Fk^ring  Lake*  and  trestU*  or  fill  across 
Bering  Lake  (which  barely  exceeds  5  feet  in  gi-eatest  depth  and  is  for 
the  most  part  much  shallower)/  The  bridges  over  She]>herd,  StilL 
water*  and  Canyon  creeks  will  be  smalh  but  severe  flomls  must  be  al- 
lowed for  in  building  abutments. 

If  Controller  Buy  is  ust/d  as  the  harbor  the  wharves  might  Ix^  built 
either  from  the  south  end  of  Kanak  Island  or  from  the  east  shore  of 
the  bay.  In  the  former  case  a  long  bridge  must  Ije  built  to  the  main- 
land. The  road  could  then  go  by  the  Katalhi  River  route  already  de- 
scribed. From  wharves  on  the  east  shore  of  the  bay  the  road  would 
naturally  cross  the  flats  on  the  east  side  of  Bering  River  to  a  point 
opposite  Shockuni  Aloun tains.  A  large  tnnount  of  ballasting  would 
he  necessary  on  thesc^.  swamp^^  flats  unless  the  road  is  located  well  to 
the  east,  where  the  flats  are  made  up  in  part  of  sand  and  graveh 
Many  bridges,  most  of  them  small,  would  Ik?  n^quired,  tJie  largest  lin- 
ing over  Bering  River, 

A  railway  fnjiu  this  region  into  the  interior  wouhl  either  g\y  west 
from  Katalla  along  the  ocean  shore  and  up  the  east  side  of  the  Cop- 
per delta,  or  would  go  up  Shei)herd  Creek  (see  Pis.  I  and  IT), 
over  the  350-foot  pass  northwest  of  Lake  Charlotte,  and  down  the 
valley  of  Martin  River  to  the  Copper.  Neither  will  encounter 
great  difficulties  until  the  site  of  the  proposed  ''  Copper  River  bridges, 
at  Miles  and  Childs  glaciers,  is  reached.  The  construction  of  bridges 
over  glacial  streams  nmst  always  be  a  problem. 

The  route  from  Orca  ^  to  the  coal  field  follows  the  foot  of  the 
mountains  on  the  west  side  of  Copper  Delta  until  the  bridge  site, 
mentioned  above,  is  reached.  It  would  then  follow  the  route,  de- 
scribed above,  from  Coi)i)er  River  to  the  coal  field.  The  disad- 
vantages of  this  route  consist  in  its  length  and  its  crossing  Coppei- 

•  A  railroad  from  each  of  these  harbors  was  l)e«\iu  hi  lf)07. 

»  Brooks,  Alfred  H.,  Railway  routt-s  :  Hull.  V.  S.  (Jool.  Survey  No.  2S4.  Ii>n0,  pp.  1:515; 
Railway  routes  In  Alaska:   Nat.  Oco;;.  Mag..  1907,  pp.   ISli.  11)0. 

«•  Construction  was  begun  on  a  railroad  from  Cordova,  a  new  town  situated  uear 
Orca,  In  1906. 
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River.  A  road  from  Orca  to  th^  interior "  would  cross  Copper  River 
twieo,  M-tiile  one  from  a  lorn  I  harbor  would  cross  it  but  ont?e  to  reach 
the  iiiiL^ior.  ' 

vVil  the  phins  considered  above  are  po&sible,  iiiid  thiB  choice  mifl 
depend  on  que^ntions  of  cost,  including  Ix^th  tlic  victual  vohI  <if  op^^rat- 
ing  the  road  and  the  hitere^it  on  tiie  t>riginal  invehtnient*  Then* 
are  no  difficuUies  connected  with  building  a  railroad  from  any  jjoiui 
on  Controller  Bay  or  Katalla  Bay  to  the  coal  field,  and  the  projects 
for  a  road  from  Orca  to  the  coal  iield  or  fnjrn  either  terminus  into 
the  interior  present  no  greater  difficulties  than  have  Ix^n  overcome 
els^ivhere*  The  ijnportant  factors  in  the  problem  ai^>  on  one  hand* 
the  relative  merits  of  a  Ifx*al  harlxir,  questions^  of  depth  of  tvati^r* 
holding  ground,  shelter  from  storms  and  from  ioe,  and  cMjf^t  of  im- 
provements being  a^nsidered;  and,  on  the  other  hand,  the  cost  of  i 
longer  road  to  a  possibly  tietter  harbor  farther  west,. 

0150L.OGT. 
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The  general  succession  of  rocJcs  in  this  region  fe  ^ 
lowing  table: 

Qenerai  necWm  of  rfH^k^  of  the  CrmiruilSr  littff  n  ifto«,  I 


Ai«. 

Formjhtiau  lwmc^ 

ThktM* 

QuatomaiT' 

Tmkiin  fonnitniiEi. 

8lre»m  (U"p<»ftlO*,  pmbHbly  in  |»rt  n fi- 
ll erin  In  by  niftrlni^  »Hliiflent», 

S*e'ntncMii><  nm^  nlwnfloiiod  bracbe*   of 
^Jaclfl!  InLt^. 

Mail  IK-  Mill  aiiil  f  Jay, 

TerttoTT  or  1ftl«r. 

DlAbawMtiaiwHlKHkoL 

BUllirat^r  rormatlfiti. 

ArJfiiiw?  wnii  mwiy  t^wM  bedis. 

%mt 

T^rtlmiT 

Shales  anil  Mandjitone. 

htm 

Katalla  formation.'' 

K}m!<»4,  ijuine  of  which  are  ouiurlomer* 

aUc. 
Sandstone. 
Shale,  concretionary  and  with  a  glau- 

conitie  bed  at  the  base. 
Sandstone. 
Shale. 

■  • 

2,600 

fiOO 

2,000 

tooo 

500+ 

Pre-Tertlary. 

Graywacke,  slates,  and  igneouB  rocks. 

•  Brooks,  Alfred  H.,  loc.  cit. 

»  The  position  of  the  Katalla  formation  with  reference  to  the  other  Tertiary  formations 
kiAot  definitely  established.     See  discussion  on  pp.  37-41. 
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As  the  surface  of  the  country  is  abtnit  equally  divided  between  flat 
^lowlatid  s  fu  I  f  1  h  i  1 1 J  d  i  si  ri  r ts,  so  also  t  lie  a rea  of  rock  is  equal  ly  d  i  vided 
betTi'een  iiiieons<>iidated  jilliivinl  deposits  and  indunitcd  complexly 
[vfolded  rocks.  The  gi^ologic  features  in  this  re,sjwct  exactly  coincide 
(with  the  topographic  features,  the  hard  rocks  being  entirely  re- 
stricted to  the  hilly  areas  and  the  alluvium  to  the  flats. 

The  hard  rocks,  except  two  areas  of  metamorphosed  pre-Tertiary 
deposits  and  the  dikes,  arc  Tertiary  sediments  largely  of  marine  or* 
[igin.  They  have  l>een  completely  indurated,  and  involved  in  com- 
!  plex  structural  disturbances  in  which* close  foUling  and  faulting  of 
,  diverse  character  have  taken  part.  Igneous  intrusion  has  taken  place, 
but  has  played  a  j?niall  part.  Both  the  Intensity  of  the  folding  ami 
»  the  abundance  of  dikes  are  greatest  in  the  northeast  part  of  the  dis- 
\  trict  toward  the  high  mountains. 

I  NEIGHBORING    PROVINCES, 

As  this  province  is  topographically  a  foothill  region  on  the  edge  of 
the  Chugach  Mountains,  so  in  it.s  stratigraphy  and  structure  it  par- 
takes  of  the  general  geologic  conditions  Ix^rdering  that  mountain 
range. 

The  Chugach  Mountains*  consist  of  closely  folded  slates,  schists, 
and  gneisses,  with  large  intrusive  masses  of  granitic  rocks*  The  de- 
tailed stnictnre  and  strati  graphic  sticcession  are  not  known.  In  the 
Ptiace  AVilliam  Sound  region  the  rocks  consist  of  two  metamorphosed 
sedimentary  groups,^  the  Valdez  '"series'"  and  the  Orca  **  series/-  of 
undetermined  but  probably  Paleozoic  age,  The  latter  is  associated 
*l  ^ith  greenstones  derived  from  basic  hiva  flows.  Granitic  masses  and 
f  other  intnisives  aix^  represented.     Tn  the  Mount  St*  Elias-Yakutnt 

(Bay  region  "^  the  rocks  composing  the  high  mountains  comprise  crys- 
talline rocks,  including  schists  and  gneisst^s  of  undeterminHl  Imt  proli- 
,  Jibly  early  Paleozoic  age,  granitic  intrusives,  slightly  altered  sedimen- 
t^ry  rocks  (Russeirs  "  Vakutat  system")  of  disputed  ag^^  but  prob- 
**bly  Mesozoic  or  late  Paleozoic,  and  late  Tertiary  or  post -Tertiary 
*^iments  (Russeirs  "  Pinnacle  system  "). 

■Brooks.  AHphI  IL,  The  Kf»oRTnphy  imd  pf'otogy  of  AlfiHkn  i  rn>f.  Piipf^r  IJ.  S.  G^oL 
^anif  No*  45.  lOOO^  PP^  21>-:i2,  221 -2 2H.  253^25ti.  Srh ruder,  F.  C,  and  SpCTiefttH  Arthur  r., 
^*  (Ceolojfj  and  minernl  rPSiHjr<*if«  cf  u  portion  ctf  Mie  Copper  RiFer  District,  Alaaka.  A 
■Ntlul   iiubnentJijn   of  the  l".   S.    Oeol,   Surv*')-,   1901,   pp.   ,12-^10. 

'ScbriftU'r  and  i^pt'iitvr.  op.  cit.  <jrant.  U.  S.*  Copper  aad  ottier  mlnerpl  p(»«onrreji  of 
t'rta<*  Win  lam  S*otiDd  :   HijlL  t^,  S.  iU'<tL  Survey  No.  284,  Ifmil,  pp,  711-SO. 

'RuAtit'll.  I.  v.,  Nat.  0*N>ii.  MaH.  vol.  :«,  ISm*,  pp.  l;tO-i;U,  IM.  Uil,  170;  TwpntleUl 
Ann,  Rept.  \L  B.  GmiL  Hurvey,  pt.  2,  I80ri.  pp.  24-20.  34,  r;2,  ,^0.  Novarc(*p.  InRP  Vlttorlo. 
I  ^toeks  and  tnlni^rflls  of  son  Hi  Alaska:  Tli(^  aBC(*nr  of  Mount  Si.  Kilns.  App^ndK  E.  UiOO, 
fcpi  232-2^9.  Tarr,  R.  K..  Tin-  Vakutat  Buy  n^Klou  :  Bull.  K.  S.  fiiHiL  Survey  NVi.  284, 
l£tO(*.  pp.  fll-63:  filnclnl  j^min^y  uitiI  ]>hyi|(>jjrnphy  of  tJu*  Vakntnt  liaj  n-jrlon  wltlv  a 
^L^ii..  oa  thu  b*>d  rock  tjeoJo;;;)  liii  pvr^^K  UliivkwvUlvr,  EJJot,  HiH.'uiiiijaJ*iJ3iici'  vn  the 
^clflc  coast  from  Yakutat  to  Alsek  River  :   Bull.   V.  S.  Geol.  Survey  No.  314,  1907,  pp. 
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The  nature  of  the  rocks  in  that  part  of  the  mountain  belt  which 
lies  immediately  behind  the  Controller  Bay  region  is  not  known,  ex- 
cept as  the  glaciers  bring  out  fragments  of  a  variety  of  granitic  rocks, 
schists,  gneisses,  and  greenstone. 

The  character  of  the  contact  of  the  rocks  of  the  high  mountains 
with  those  of  the  lower  coastal  belt  is  known  only  in  Yakutat  Bay 
region,  where  Russell  and  Tarr  report  the  coarse  crystallines  as  sepa- 
rated from  the  sedimentary  rocks  south  of  them  by  a  fault.  At  the 
base  of  Mount  St.  Elias  the  crystallines  are  overthrust  upon  the 
younger  rocks.  The  contact  bas  not  been  studied  between  Mount  St 
Elias  and  Copper  River,  as  most  of  the  region  has  not  been  visited, 
while  in  the  vicinity  of  Controller  Bay  the  contact  lies  beneath  gla- 
ciers. On  Prince  William  Sound  the  high  mountains  run  out  bto 
the  sea  and  the  coastal  foothills  are  absent. 

The  Tertiary  rocks  of  the  Controller  Bay  region  extend  eastward 
beneath  Bering  glacier,  and  similar  beds  appear  on  the  coast  half 
way  between  Controller  and  Yakutat  bays  at  Cape  Yaktag,  where 
gently  folded  shales  and  sandstones  have  been  de^scribed "  as  outcrop- 
ping in  an  anticline  near  and  parallel  to  the  coast. 

DESCRIPTION  OF  THE  ROCKS. 
PRE-TERTIARY. 

The  metamorphic  rocks  of  the  Controller  Bay  region  outcrop  in 
two  areas.  One  of  tliese  covers  all  of  Wingham  Island  except  the 
narrow  southeast  point.  The  other  is  west  of  Katalla  in  Rag^tl 
Mountain  and  in  tlie  \o\y  hills  ])etween  it  and  the  Copper  Delta.  Tho 
rocks  consist  of  black  slates  having  well-developed  cleavage,  gmv- 
wacke,  chert,  a  variety  of  hi<rhly  colored  fine-grained  rocks  of  un- 
certain ()ri<rin,  and  *ri'eenstone  and  other  i<rneous  rocks  which  probably 
include  both  bedded  and  intrusive  masses.  The  observed  eontacis 
with  the  Tertiai'V  rocks  are  faults,  and  thes(»  rocks  are  i)robably  in 
both  areas  overthrust  upon  the  Tertiary  sediments. 

Tlu»  amount  of  nietamorphisni  which  thes(»  rocks  have  under^rono 
as  compared  with  the  Tertiary  rocks,  which  though  in  direct  contact 
with  them  are  entirely  unnietaniorphosed,  proves  a  much  greater  a^ 
for  the  former  and  a  great  unconformity  between  them  and  the  Terti- 
ary rocks.  The  only  fossils  which  have  lK*en  discovered  are  numerous 
but  poorly  preserved  Olohigcrina  indeterminate  species.  The  cKCur- 
rence  of  (rlohu/crhm  (assuming  that  the  lower  range  of  Glohti/cni'' 
has  been  linally  determined)  shows  the  rocks  to  be  post-CarboniferoiiN 

"  Spurr.  J.  E..  A  n'connaissanc*'  in  soiithwrstprn  Alaska  in  180S:  Twontioth  Ann.  Ropt 
V.  S.  iWo\.  Survey,  pt.  7.  VMH).  p.  '1{\\.  Martin,  (i.  I'..  The  potrol«'um  Holds  of  the  Pjicitu 
const  of  Alaska,  with  an  account  of  the  Hcrlnj;  Uivcr  coal  deposits:  Hull.  V .  S.  (nntl. 
Survey  No.  "JoO,  1!)().'».  pp.  'J(»-L'7  ;  Tlie  Cape  Vaktai;  placers;  Hull.  U.  S.  Geol.  Survey  N'^ 
IT.U.   100.".,  pp.  .S.s-isl>. 
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while  the  degnn*  of  metamorphism  shows  them  to  be  pre-Miocene, 
More  tkfinite  evi  tier  ice  of  their  age  is  hicking. 

The  lithologitj  similarity  of  lliesti  older  rocks  to  certain  rocks  at 
Orca/  Kodiak,^  mid  Yakiitat  Bay,*  in  ^suggestive  of  a  possibly  corre- 
sponding age. 

The  correlation  ^  of  the  rocks  at  Orca,  Kodiak.  and  Yakiitat  is,  in 
the  writer's  opinion^  not  positively  established,  while  their  reference  *" 
to  the  Lower  Jiirassic  is  based  upon  evidence  whicli  he  regards  as 
both  insufficient  and  open  to  a  different  interpretation  from  that 
which  has  l>een  drawn  from  it.  Tlie  weight  of  the  existmg  evidence 
concerning  the  age  t)f  the  ^laty  rocks  of  the  coast  of  the  Gulf  of 
Alaska  from  Yakutat  to  Kodiak  is,  in  the  writers  opinion,  that  they 
are  almost  certainly  older  than  the  Upper  Triassic,  and  are  probably, 
in  part  at  leasts  late  Paleo^coic.  The  fragmentary  evidence  on  tlie  age 
of  the  slate  and  giiiywacke  of  the  Conti'oller  Bay  region  suggests  timt 
these,  too,  may  belong  in  the  same  general  stratigia[>hic  po^sitioo, 

TKRTIART. 
EATALLA  FOKMATIOK. 

The  Katalla  formation  occupies  the  liilly  area  south  of  Bering 
Lake  l.>etween  Bering  and  Katalla  rivers  and  the  low  hills  between 
the  base  of  the  steep  eastern  slope  of  Ragged  Mountain  and  Katalla 
River,  Rocks  whicli  are  probably,  in  part  at  least,  equivalent  to 
these  outcrop  in  Gandil  Mountain,  Nichawak  Mountain,  Mount 
Campbell,  and  the  neighboring  small  hills  of  the  Nichawak  region, 
on  Kayak  Island  and  on  the  southeast  point  of  Wingham  Island, 
in  the  low  hills  west  of  Bering  Lake,  and  possibly  in  parts  of  the 
region  north  and  northeast  of  Bering  Lake. 

The  bulk  of  the  formation  is  composed  of  soft,  dark,  argillaceous 
shales,  in  places  with  many  limestone  concretions  and  with  at  least 
one  bed  of  glauconitic  sand. 

•  Schrader,  F.  C,  and  Sponrer.  Arthur  ('.,  The  jxfolopy  and  mineral  resources  of  a  por- 
tion of  the  Copper  Uiver  district,  Alaslca.  a  special  pul)lication  of  tiie  T'.  S.  Geol.  Survey, 
1901,  pp.  33-40.  Brooics,  Alfred  11.,  The  «eojj:raphy  and  geology  ofStMaska  :  Prof.  Taper 
U.  S.  Geol.  Survey  No.  45,  190G,  pp.  225-2:i0.  virant,  U.  S.,  Copper  and  other  mineral 
resources  of  Prince  William  Sound  :  Rull.  T'.  S.  Oeol.  Survey  No.  284,  1906,  pp.  70-80. 

*  Brooks,  Alfred  H.,  loc.  eit.  Ulrich,  !•:.  O.,  Fossils  and  age  of  the  Yakutat  formation: 
Harrlmao  Alaska  Expedition,  vol.   I.  1004.  pp.  125-146. 

«•  Ulrich,  E!  O.,  loc.  clt.  Brooks.  Alfred  H..  loc.  cit.  Tarr.  R.  S..  The  Yakutat  Bay 
ref^lon  :  Bull.  IT.  S.  Oeol.  Survey  No.  2S4.  1000.  pp.  01-03  ;  Glacial  geology  and  physiog 
raphy  of  the  Yakutat  Bay  region,  with  a  chapter  on  the  bed-rock  geology  (in  press). 
Blackwelder,  Eliot,  Reconnaissance  on  the  Pacific  coast  from  Yakutat  to  Alsek  River  : 
Bull.  U.  S.  Geol.  Survey  No.  314.  1007.  pp.  H2~S7. 

^  Emerson,  B.  K.,  Harriman  Alaska  Kxpeditiou,  vol.  4,  1904,  pp.  11-54. 

•Ulrich,  E.  O.,  loc.  cit. 
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Two  •  massive  and  prominent  sandstones  are  present.  One  of  thes 
is  at  the  top  of  the  thickest  and  most  prominent  bed  of  duJe.  Urn 
other  *  is  below  the  same  shale,  and  is  underlain  by  a  bed  of  shale  el 
the  same  character  as  the  thicker  shale  above  it ' 

The  upper  sandstone  is  overlain  by  conglomerates,  sandihnieB,  aad 
shales,  apparently  of  great  thickness.  The  conglomerateB,  thoagfi 
massive,  are  of  irregular  extent  and  position,  and  grade  loeally  into 
pebbly  sandstone  or  shale,  or  lose  their  pebbles  entirely.  The  man 
typical  of  the  conglomerates  contain  usually  well-rounded  but  im- 
sorted  pebbles  of  granite,  greenstone,  gneiss,  and  a  variety  of  otfaor 
rocks  and  miherak.  The  material  ranges  in  size  from  that  6t  wy 
coarse  sand  up  to  a  diameter  of  several  feet,  but  is  usually  less  than  C 
inches  in  diameter.  No  glacial  facets  or  scratches  have  been  seen, 
llie  matrix  consists  of  fine  shale,  sandstone,  and  arkose. 

Fosan^. 

The  following  moUuscan  forms,  obtained  from  the  lower  sandstone 
member,  were  determined  by  W.  H.  Dall : 

From  n  prominent  exposed  rock  Jnst  above  the  Ohilkat  Indian  vUlage  on  tte 
west  bank  of  Bering  Rtver:  (4313)  ChioneUa,  Cardium,  GlifcymeriB,  JtfaomM» 
Mya,  TJtorina,  and  Purpura,  too  badly  preserved  to  be  speciacally.  Ide&tUIed.  bat 
doubtless  of  Miocene  age. 

West  shore  of  Bering  River,  jnst  above  Chilkat  village:  (4817)  ChUmeUm, 
Macoma,  and  Acila. 

West  shore  of  Bering  River,  one-half  mile  below  Greene's  cabin,  or  1|  miles 
above  Chilkat :   (4311)  Y oxmf:  Luuatia  (?). 

West  shore  of  Bering  River,  one- fourth  mile  below  Greene's  cabin,  or  11  miles 
nl>ove  Chilkat:  (431S)  Fragments  of  extinct  crab,  starfish,  echinold,  and 
ophluran,  nml  si>ecles  of  Turho  (?).  Isapin  (?).  Lunatia  (?),  Fusuft  (?),  a 
rlblMHl  Dcntalinni,  Marcia  (V>.  Chionrlln,  Solcn,  Thracia,  Mya^  Prriploma. 
}f aroma,  AHIa,  and  Awnz/rt. 

Bering;  River,  west  bank.  2  miles  north  of  Chilkat:  (4435)  Spisula  near 
albaria  Conr.,  YnhJia,  Lv<1a,  DcntuUum,  Macoma  (?),  Angulun  (?),  Lunalia 
sj).,  and  Indeterminable  gastroiKnls. 

West  bank  of  Berlnp  River,  opposite  lower  end  of  first  island  going  ui)atream: 
(4320)  Macoma,  Xucitla,  Leda,  and  Yoldia  si),  badly  preserved;  (4327)  Chi- 
onrUa  (?)  in  concTetion:  Miocene  (?):  (4314)  Phactttdrn  sp.  and  indeter- 
ndnable  gastroixxls. 

Bluff  on  west  bank  of  Bering  Riv(»r  where  the  river  flows  from  Bering  I^ke: 
(4315)  ficahi.  ycrcrita,  Fusua,  Chionc  (?),  Phncoiilrs,  Spiaula,  Macoma,  and 
Yoldia, 

Beach  on  sontli  shore  of  Bering  Lake,  on  first  iH^lnt  west  of  its  outlet:  (4316) 
Mamma,  yercrita   ( ?)  ;    probal>ly  Miocene. 

Split  Creek.  100  200  yards  above  branch  tlmt  hejids  against  the  Redwood 
Oeek  divide:     (4323)   Pcctrn, 

•  There  Is  a  possibility  that  the  writer  is  in  error  In  reji^Rrd  to  the  existence  of  two 
sandstones  and  that  there  Is  but  one,  whlrh  Is  on  top  of  the  shale,  the  apparent  lower 
one,  with  Its  underlying  shales,  lieln^  a  repetition  of  the  upper  sandstone  and  shale  bj 
faulting.  The  evidence  on  this  point  will  be  dtscnssed  under  Age  and  correlation  (pp. 
37-41)   and  Structure  (p.  44). 
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The  followmg  Qchinodernis  were  determined  by  W.  B,  CUi*k: 


I 

The 

GuJch  back  of  Greene's  cabin^  Iteriikg  Ulver;  (4110)  Aj*t€ria$  sp.  TJiia  specl- 
p^n  Is  evident  l3r  ti  st)eeleB  of  Astcria^t  tiltbotigb  some  of  tbe  finer  fl  la  gnostic 
jfaaracters  are  Jaekint;-  In  i^eneml  outline  and  other  chanictere  it  closely 
Resembles  tbe  sireclea  wbk-b  ninges  fron^  tbe  midUle  Mefe)35oic  to  tbe  Recent 
Isid  Is  A  fommon  form  tbronfjliout  tbe  Te^tiar5^ 

West  sbore  of  Her  big  Rh€?r»  IJ  miles  above  Cbllkat:  (4318)  Schizanter  sp. 
there  are  many  si>eelnieti!^  of  tblis  fonn*  and  altb<>n^b  iiirain  some  of  tbe  finiT 
liaj^ostle  fbaracters  are  absent  I  know  of  no  otber  i;enus  to  wblcli  I  i.'oultl  ns 
Utisfaetorlly  refer  It*  I  am  Ineliiied  to  tblak  It  belongs  bere-  The  ran|?e  of 
Bils  geiiue  Is  from  tlic  Eocene  to  the  present^  and  it  iB  a  ei.>mmoii  foros  throngh- 
wit  tlie  Tertiary.  It  Is  very  similar  to  ii  common  nndeteriaine<l  si>eel»*R  of 
^chizfintrr  from  tbe  upiH?r  Eticene  of  the  Gulf,  of  which  I  have  a  ginxi  nnmlwr 
^t  si>ecinieas  from  localities  Ui  MlssissiiipU  It  is  hardly  probable  Ibat  it  la 
ictually  the  same  species,  although  it  is  closely  related, 

I  should  be  Inclined  to  regard  the  betls  as  Tertiary^  possibly  later  Boeeiie  or 
Mirly  Mioeetie  In  ease  there  is  other  corrolioratlve  pale<:inlologle  evideu^*e.  I 
^ni  sorry  tliat  tbe  EehlmMlerm  f^irras  bick  some  of  tbe  essential  features  to 
inake  their  determination  sure.  There  Is  a  bare  jK>S8lbnity  that  the  supiwai'd 
Bchi^ftster  might  be  a  rather  unusual  form  of  a  simpler  Spautaagold,  i either 
Hemimter  or  a  related  geiius,  in  which  case  tbe  deposits  might  be  pre-Tertlary 
fts  far  as  the  Echinoderm  evidence  is  coiicemetl.  The  fatsciole,  wbieb  Is  an 
external  character  of  tbe  test,  Is  so  poorly  preserved  that  I  can  not  determhie 
wifh  certainty  all  of  ttii  charact€>rs,  and  for  that  reason  there  must  be  some 
loubt  In  the  matter. 

The  following  plants  obtained  from  the  lower  sandstone  were  iden- 
tified by  F.  H.  Knowlton  : 

Soath  shore  of  Bering  Lake,  1  mile  east  of  Sinclair's  cabin:  Aside  from  a 
few  fragments  of  dicotyledons  there  is  but  a  single  complete  leaf.  This 
Appears  to  be  Liriodendron  Mcekii  Heer,  at  least  so  far  as  size  and  shape  go, 
but  as  there  is  no  nervation  preserved  It  Is  imi)ossible  to  identify  It  posflively. 
If  it  is  this  species,  the  age  should  be  Upper  Cretaceous,  but  if  not,  it  is  impos- 
sible to  state. 

Bering  River,  1  mile  above  Chilkat  Village:  A  single  specimen  representing 
the  base  only  of  a  leaf.    Aijparently  Daphnogetw  Kanii  Heer.    Age  Kenai. 

Gulch  back  of  Greene's  cabin,  Bering  River :  A  number  of  dicotyledonous 
leaves  but  poorly  preserved.  Seem  to  represent  species  of  Quercus,  Betula, 
etc.,  but  impossible  to  be  positive.    The  age  Is  presumably  Kenal. 

Mollusks  from  the  upper  concretionarv  shale  were  identified  as 
follows  by  W.  H.  Dall: 

Mouth  of  Bering  River,  west  bank,  1(H)  ft^-t  east  of  waterfall:  (4.312)  Mlo- 
:*ene  shales  much  crushed,  containing  si)ecies  of  ChittncUa  (?),  Petricohi,  Thra- 
Ha,  Phacoides,  Macoma,  Thua.sira,  Yoldia,  AriJa,  Nevcrita  (?),  and  Buvcinutn. 
(4436)  Phacoides,  probably  multUincata  Conrad,  a  large  Lcda,  tSolcmya,  IJm- 
ipsis,  Dentalium,  some  indeterminable  pistroi)ods,  Thracia  f,  Petricola  f,  Bcla  f, 
Sad'icava  f,  Leda   f. 

Creek  1  mile  beh^w  Greene's  cabin,  west  bank  of  Bering  River:  elevation,  1.50 
feet:  (4328)  Miocene  sbnle  with  V  nrrUnrdia  near  rcntricosa  Gonld;  a  snKK)th 
Drntalium  and  specie^  of  BuUaria,  Lunatia,  Mulinia  (V),  and  .lc/7f/.  with  frag- 
ments of  crab. 
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West  bonk  of  Chilkat  Creek,  2  miles  above  road:  (4822)  Chr^9odom%M  (?), 
Lsnafto,  Macoma;  probably  Miocene. 

Left  bank  of  Burls  Creek,  }  mile  south  of  a  bare  knoll  and  Jost  oppoaltff 
tbe  month  of  two  small  streams  that  Join  as  a  fork  Just  before  emptying 
Into  Burls  Creek:  (4321)  Pseudamuaium,  numerous  but  crushed  ao  as  to  be 
Indeterminable,. and  fragraments  of  Yoldia  (?)  Miocene  (?). 

Mltcher  Oeek,  a  tributary  of  Kedwood  Cre^;  elevation,  700  feet:  (4828) 
Bxtinct  crab  in  concretion. 

Head  of  west  fork  of  Arvesta  Creek:  (4325)  Pecten,  8poHdplu9  (?),  Des- 
talium,  HemithyHs,  and  indeterminable  coral  recalling  ^sfrsn^lik 

The  following  mollusks  from  the  upper  sandstone  and  conglom- 
eratic beds  were  determined  by  W.  H.  Dall : 


Crest  of  ridge,  4  uiiles  north  of  Point  Hey:   (4437)   Yoldia  sp,  near 
rev€tiai8  Dall. 

Three-fourths  of  a  mile  northwest  of  Point  Hey :  (4324)  Hard  shale  with 
fragments  of  \everita,  probably  Miocene. 

Near  end  of  Point  Hey:  Phacoides  (V)  sp.,  CallUta  (?)  sp^  Camu  v« 
Fu9U9  sp.,  A  (medium),  Fusuit  2  sp.  (small),  Turritella  sp.,  Dentaiimm  qpi 
"  Poor  material,  but  the  CofiiM,  FwtiM,  and  Dcntalium  look  like  Eocene  fonna" 

Between  Point  Hey  and  Strawberry  Point:  Astrodapia  (?)  sp.,  Semele  (?) 
sp.,  Dentalivm  sp. 

South  shore  of  Wingham  Island:  (4310)  Small  crab,  of  extinct  species,  and 
indeterminable  species  of  Solen,  Macoina,  Thracia,  Leda,  Yoldia^  and  Lsss- 
tia  (?).    Probably  Miocene. 

Beach  on  northwest  shore  of  Kayuk  Island.  The  signal  station  at  south  end 
of  Wingham  Island  bears  N.  8  E.  (mag.)  :  (4300  Marcia  like  Bubdiaphana  (not 
in  place). 

Near  cabin  on  Kayak  lagoon.  Kayak  Island:  (43S)1)  Crushed  specimen  of 
elongated  Unio. 

The  rocks  exposed  on  tlie  northwest  shore  of  Kayak  Island  consist 
of  l)eds  of  conglomerate,  sandstone,  and  shale,  with  a  marine  fauna, in 
which  W.  H.  Dall  and  Ralph  Arnold  have  identified  the  following 
species:  Leda  sp.  A.  (smooth),  Yoldia  aff.  scissurata  Dall,  Yoldia 
aff.  thraciaformis  Dall,  Macoma  cf.  ralcarea  GmeL,  Callista  sp., 
Xatica  sp.,  ChnjaodomuH  sp.  A.,  Chrysodotnns  sp.  B.,  RosteUites  ct 
indurata  Conrad. 

STILLWATER  FORMATION. 

DK.SrRII»TION. 

The  KStillwater  formation  occupies  the  entire  valley  of  Stillwater 
Creek  and  extends  for  some  distance  up  the  valleys  of  Trout  and 
Clear  creeks,  eastward  to  Canyon  Creek,  and  westward  probably 
throughout  the  entire  area  of  Shockum  Mountains.  Other  areas 
are  on  the  northern  and  western  shores  of  Berg  Lakes,  on  the  west 
shore  of  Kushtaka  Lake,  and  in  the  mountain  north  of  Bering  Lake. 

The  formation  consists  of  shale  and  sandstone  without  characte^ 
istic  beds  so  far  as  is  now  known.  Xo  detailed  sections  have  been 
measured,  but  the  thickness  apparently  exceeds  1,000  feet.  The  base 
of  the  formation  has  not  been  recognized. 
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The  fnUnwing  fossils  wt*re  determined  by  W,  H.  Dall ; 

'Maxwell  Creek,  east  of  Grade  Trail  und  one-baJf  mile  south  of  Lake  Char- 

tte:  U3S4M  Fntument  of  a  sojofith  DvntaUum;  Rii\*aveiiUy  the  same  species 
&m  \i*  fouml  In  the  rrKrks  above  the  couh 

Tritjutary  of  Clear  Creek,  ohout  1  nitle  iiort beast  of  Cunnlngbnm's  ware- 
house:   elevation.  27ri  feet :    {43S4)  Same  as  4377. 

S  t  i  1 1  wa  t  er  Creek ,  ea  at  ba  nk ,  oil  e-b  a  if  m  He  below  C 1  ea  r  Creek  :  ( MM )  (7ro  «- 
sa  fe (iit f  *  r  *s p h ulaf 

FlKmt  In  bfffj  of  Maxwell  Creek,  one-half  lulle  below  I-ake  Cljarl otter  (4385) 
Uactrtif  rnrtliitmt  Litnatiaf     {Same  fossils  as  fciuud  above  tbe  f*oal.  luariin^.) 

East  siflf*  of  moraine  at  bead  of  Lake  Charlotte,  one-foitrth  mile  from  lake: 
eJevafion,  510  feet:  (4.H81 )  Cyrrntf  ami  At^jdofifaf  {trefiliwutcT),  Fusnsf  Arctif 
Jifacomfif  Mnctrfif  ^ajiidomuat  &mV  Dt^ffiniaf  < marine) j  »bark  tofJtli. 

Kji stern  edge  of  glacier  moraine,  liO(>  feet  above  the  level  of  I^Ue  Cbarlotte: 
( 4:^70  \  S I  n^l e  1  a  1  ve*  reea  1 1  hi g  CU^ m pn t i>i. 

Lower  eastern  tribntary  of  Sheep  Creek,  2130  yards  below  waterfall,  and  1 
njUe  from  Sheep  Cretik:   (431KJ)  Fugustf  LedtJ,  YoJtlUi,  M  acorn  ft  t  llnrtnif 

Lower  t^aetern  tribntary  of  Sheep  Creek>  ot»e-balf  aille  above  tbe  mouth  of 
The  (ifeek  (Hf»at  specimens ^i  (4387)  [irnftitinm.  LnmitinT  FtmtHf  Ynftlw, 
Bo! en,  Spimttfif  Doitftii4if   (4,'J92)   Dc'«^fl//io/i,  Bucvinumf  Fu^H^f  Lt'ditt  Xlacfrn^ 

Head  of  Berlag  Elver,  Just  below  upper  fwlls:  (43117)  Fmmf  LunatSaf  Spi- 
8ulnf 

Bering  River,  one-fourth  mile  below  gurgif-  H3SM)  Fumatf  Miiclrat 

KUBHTAKA   FORMATION,  , 

DESCRIPTIOIT, 

The  Kiislitaka  formation  occupies  part  of  the  crest  and  much  of 
the  eastern  slope  of  Kitghtakn  Ridge,  and  extends  westward  through- 
out the  valley  of  Carbon  Creek  and  up  the  east  side  of  Shepherd 
Creek  to  Lake  Charlotte.  The  largest  known  area  extends  in  a  broad 
[  belt  from  the  eastern  edge  of  Kushtaka  Glacier  to  the  northeast 
comer  of  the  area  mapped.  Tliere  are  two  or  more  ^mall  areas  in 
the  southern  part  of  Carbon  Mountain,  A  large  area  lie^  on  the 
north  shore  of  Bering  Lake  and  extends  across  the  mountain  from 
Shepherd  Creek  to  Diek  Creek,  Another  birge  area  readies  from 
TiPnr  the  south  end  of  Lake  Charlotte  to  the  east  end  of  Lake  Tolnni 
and  extends  south  on  the  mountain  side  for  about  2  miles. 

The  Kushtaka  formation  overlies  (he  Stillwater  formation,  prob- 
ably conformably,  although  as  the  contacts  are  in  many  phices  faults 
the  exact  relations  are  none  too  well  known. 

It  consists  predominantly  of  coarse  arkose,  although  some  sand- 
^one  and  much  "shale  are  present.  It  contains  a  large  but  unknown 
tinml>er  of  coal  beds.  Marine  conditions  are  not  known  to  be  repi-e- 
55ented. 

The  thickness  exceeds  2.000  feet,  the  exact  total  not  being  known. 
The  following  sections  represent   the  upper  part  of  the  formation 
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and  are  probably  characteristic  in  a  general  way  of  the  entire  tb 


Section  of  upper  part  of  Kushtaka  formation  in  vailey  of  Carbon  Orm 

Black  shale  (overlain «  by  Tokan  formation).  Ft 

Coal . 

Dark  blackish  shale . 9 

Coal   

Dark  blackish  shale 15 

Coal   

Dark   blackish  shales   with   several   more  or   less   carbonaceous 

layers 26 

Thin-bedded  arkose  with  shale 26 

Sandy    shale.^i 86 

Arkose  686 

Sandy    shale 141 

Arkose  27 

Sandy    shale 86 

Flaggy  and  thin-bedded  arkosic  sandstone  with  thin  calcareous 

beds 898. 

Thin-bedded  arkose  sandstone 44 

Thin-bedded  sandy  shale  with  calcareous  concretions 167 

Coal  with  shale;  outcrop  obscured,  about  6  feet  of  clean  coal 

estimated    14 

Shale   26 

Carbonaceous   shale 1 

Coal JL - 2 

Shale - 

Coal    1 

Shale    1 

Sandy  shale  with  concretions 84 

Carbonaceous  shale,  scmiewbat  cnnnpIiHl 2 

Sandy   shale 2t» 

Carbonaceous   shale ^ 1 

Sandy  shale   (bluish) 34 

Coaly  beds  or  carbonactH)us  shale 4 

Sandy  shale  with  calcareous  concretions 39 

Base  of  section  in  bottom  of  Carbon  Crt^i^k  at  an  c»levatiou  of  1,250 
feet,  but  the  coal  series  continues  on  down  ward. 

3.741 

Nce/io/i  of  Kutihtdka  fftrmaiion  o/i  rrvst  uf  Kushtaka  Ridtn',^ 

Ft 

Shale,  carbonaceous  (overlain  by  Tokun  formation) 

Shale 

Coal  (shaly  at  bottom  for  1  foot) 3 

Shale  (dark,  but  weathers  brownish  reil) 9 

Coal ^..  4 

Shale  (dark,  with  some  coal) 9 

•  See  footnote,  p.  35. 

»The  uppermost  bed  is  80  feet  below  U.  S.  L.  M.,  Kayak  No.  4. 
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FL  in. 

liale.  hliie^  stiTiily  ^^_-_^__, ^ __^ , ,,  4S 

rk^ifsc   _._.^.-..-- -._..-„. _-^„ ^^  2ai 

bale,  dark  ^__ ^,, ^-,, __^ ^- ^^*,  0 

bfllei,  ciirtHmaeeous  (whlx  btiudu  of  coal  0  tci  12  Iticlii^  tbick— ex- 
posure  |w>or> __„ ^ ^_,_^,__^,^ ,, , ^.^  45 

rkosst*,  flasjiry  urn!  fijie-gralued , .. iJH 

bale,   L"iirbuiia(x^nut5 ^ ,____, . . ^_^__ ._^^«.,  2 

Conl ^^ -__...^-^_-_ 2         3 

bttJe,    f^rbonat'eims  ^ .- ._ . . . ^_,^^*^.  G 

rkiisi?.  flaggy  niul  riiKvirralrted _, ^_ ^_^^^^^-_^^__^_  127 

Ine-jn'tii^ed  blue*  KhaJe^__-^^^ ^^. ^^^.  =  ^^^^^^^^^^_^« ^_^^^ 291 

Voftl  i^^Lptmnre  not  gtxKl*  t*»ttnmttHl  with  sbule) 11          7 

tmle  ^^,___^ ^. -^ -^-. .—. — ^  — -_-^_ — ,._  5 

rkcm€N   fiagg^ —— —- ^^^ ^__^_  41 

Hal**  --- -^ — ^ ^- .--^^. ,^ — ^._ — ^^.^ ^  4 

arbonaeetmsi  shale  wltb  ccmiI  (t^xiMimire  olitscur*') , ^^^^  2:5 

rkotR*.    fljjg>ij-__^ — ^^_. .-_^^ ^^ . —^^ ,^-^  IKS 

bai^,  dark  (with  thin  ami  ntrenk»  i-liich  tIilck)_-__ - ^.-_— _  5 

eo«i--^- , — , ,..,,,,^._-  <» 

Oooi .- . ^_  ,,^, ..„.„,„-_,, -,,^.  6 

Stmle ^^ .„_„„_._                 .„,. „._ 2 

Coal 5 

bale ——■ —  9 

Tkose,  flaggy 1 29 

hale 1 - 2 

hale,  carbonaceous , __^ 5 

.rkose,  flaggy _ 4 

hale    ^ 14 

rkose,  flaggy 11 

hale 7 

Coal 3 

Shale .                6 

Coal 6 

Shale 1 6 

Coal 1 

hale 2 

rkoso,  flaggy .'UJ 

•halo 4 

rkose,  flaggy 24 

'hale,  dark 2 

Coal,   clean _               s 

^halc,   carbonaceous _   1 

'hale J>5 

Vrkose,    flaggj' 77 

?hale 2 

Vrkose,    flaggy 74 

?hale,  saudy 15 

Vrkose,  flaggy _       ,   25 

?hale,  with  coal  streaks 5 

Coal _ 1 

Shale 2 

Coal,  clean T^ 

21803—Bull.  335—08 3 
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Ft         li. 

Shale . 287 

Arkose ISO 

Sliale «r 

Base  of  aectiou  at  anticlinal  axis  on  divide  at  head  of  OaTtNm 

Cieelc.  

2,041 

Section  of  upper  part  of  Kushtaka  formation  on  southern  end  of  CmnningkMm 

Ridge. 

Ft      In. 

Arkose,  possibly  with  thin  beds  of  coal 00 

Coal  (5  to  6  feet  thick  with  shale) 10 

Arkose  37 

Thin-bedded  arkose 46 

Coai    1 

Thin-bedded  shaly  arkose 92 

Dark  shale 29 

Ckmly  shale 5 

Coal    1 

Dark  shale  with  calcareous  concretions _ 60 

Shale   1 

Coal    : 4 

Shale    4 

Coal    ^.-.- 10 

Shale 1 

Coal    2      * 

Shale    .-1 2 

Dark  shale  with  concretions,  several  thin  beds  of  arkose,  and  several 

beds  of  coal  whose  thickness  could  not  be  dctennlned ^ 153 

Tliiu-bedded   arkose 33 

Dark  sliale 12 

Measurement  stopi)ed  because  of  irrejjularity  of  the  beds. 

541      5 

FOSSILS. 

The  following  niolluscan  forms  were  identified  by  W.  H.  Dall: 

Coal  oi>enInp«  near  <4rade  Trail  Cabin,  15  feet  west  of  coal.  (4386)  Ifac 
tra  or  Spisulaf     Xattfidf 

The  foUowing  plants  were  identified  by  F.  II.  Knbwlton: 

Grade  Trail  Cabin  coal  oi>enin>:,  aloiij?  west  contact  of  shale  with  coal: 

Arnlia  sp.  cf.  .1.  Jortfcnsi  Hi»er,  dicotylcHloiious  leaves,  frai^nenta  of  larp^ 
leaves,  stems.  Aralia  Jonjcusi  Heer  is  of  Mim'ene  a>;e,  and  while  the  AniHa 
in  this  collection  is  not  quite  the  same  it  is  pretty  close,  and  for  this  reason  I 
should  incline  to  regard  the  ape  as  Miocene. 

About  350  fei^t  southwest  of  I\  S.  L.  M.,  Kayak  No.  4.  One  specimen  with 
good  outline  but  no  nervation.  Probably  a  i^iapindus,  or  something  of  the  kind. 
Not   sufficient   to   determine  ape. 

About  100  yards  southeast  of  group  of  four  small  lakes,  abont  li  miles  north- 
east of  Lake  Charlotte :  Two  siKM'imens  with  fairly  good  outline,  but  no  nerva- 

•See  section  No.  00,  p.  78,  and  PI.  VIII. 
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iioD>    Probably  Joatiets  t^f  some  leguinlnoua  (ilaiit,  but  not  sufficient  to  settle 

Bed  of  creek  flowlui?  Into  bead  of  Canyon  Creek  from  Mount  C^eKinu,  at  an 
elevation  of  li.tKXJ  t^^tt  Druoittcrin  fiip.  qL  PierU  friffida  Heer,  Corf* its  sp., 
fughiHfi  n\K  ''PtrriM  f  riff  hi  a  ''  Is  uoriynlly  a  Cr*?tjieeous  e^iktvioa,  but  the  [lar- 
ilctilar  PifCKHiuen  witii  whicb  this  Is  eompan^d  was  from  a  Tertinrj^  (Miocene?) 
kpri£ou.  Tbe  gecerk-  i*eft>rein-*e  is  undoubted  J  y  wr<>nir.  The  two  titcotyleclona 
uc>utIoued  are  very  UMxteni  In  rtM^arance,  and  on  tbl&  Insecure  basis  I  should 
nrllne  to  regard  tbe  age  ah  Miocene. 

I>ower  eastern  tributary  of  Sheep  Creek,  one-half  tuile  above  its  mouths  A 
ingle  broken  fipeelmen.  Suggests  AndrtjmcdQ  urapann  Heer.  The  age  !s  tin- 
Sfrrtiiln*  bat  if  this  sp'^^'i*'*'  ^^  eorre<*tly  Ideiittfled  it  should  lie  ICctiiil. 

Klevation  of  l,OtiO  feot  nu  creek  eiuptytn^  into  First  I^erii:  Lake,  where  trail 
"rimi  Happy  HolJow  j Misses  around  the  shore.  Ilnjof>tmt(  m.,  Quercu^  sp»,  FieuM 
5>,,  tImuJi  »p.j  Jugtnn^  sp.n  V^tmuis  %[\  Thi$t  materJiil  is  tuii(ile  in  amount  aad 
lejiiitiftiJly  preserved.  The  feni  is  a  S|dendk1  sifec-it^  and  appears  lo  i>e  new*  as, 
Ddeedt  do  all  the  other  forms.  Ki*  far  as  I  rtm  aide  to  determine*  this  Im  not 
Ceaai  in  a$;e,  but  Just  wiuit  the  \\m  is  I  um  uncertain-  I  should  think  It  ought 
so  be  Miocene,  but  without  an  extensive  compariscni  with  known  Miocene  floras 
ts  e3£act  p<mEtion  Is  In  doubt. 

Lower  eawtera  trtbutaiy  of  Shtsep  Creek,  ime-iialf  mile  above  Its  month  j 
'^ucrvast  a  p.,  Ficunt  sp.     A^e  unknown.  iKisslhly  Kenai, 

Near  head  of  Beriuii  Itlvpr  (float  sj^et^iniens  in>llB?t»?d  by  Vnyt.  W.  O.  C^rosby), 
MnlU^  sp.  cf,  ^,  varitmn  Heer^  V^trifhi^  Mtirfittarrii  {Forb^n)  Heer,  Bvtula  f;mfMi 
£tt^  HHuhi  tjnitttHfftiln  Ktt, :  These  are  well-kmiwu  fi>rnis  found  in  tbe  sik 
snllcd  Arctic  Miocene^  and  hidlciite  this  i\^r  tor  the  beds  whence  they  cflin& 

TOKVir  FORXATIOV. 
DESCBIPTION. 

The  Tokun  formation  outcrops  on  both  shores  of  Lake  Tokun  and 
extends  thence  north  and  northeast  to  the  edge  of  the  flats  bordering 
Martin  River  Glacier  and  to  Lake  Charlotte.     It  also  covers  large 
areas  on  the  crests  and  northwest  slopes  of  Carbon  and  Charlotte 
ridges,  on  the  west  slope  of  Kushtaka  Ridge,  on  the  ridge  north  of 
Mount  Hamilton,  and  on  the  northwest  slope  of  Cunningham  Ridge. 
These  beds  overlie  the  Kushtaka  formation  conformably,  the  transi- 
tion apparently  representing  a  change  from  fresh-water  to  marine 
conditions.    The  formation  is  at  least  2,500  feet  thick,  the  lower  2,000 
feet  consisting  chiefly  of  sandy  shales,  which  are  well  sliown  in  the 
following  section : 

Section  of  the  Tokun  fortnathni^  on  the  ere.st  of  Carlton  Ridge. 

Ft.  In. 

Sandy  shale,  poorly  exposed,  possibly  more  abo\e 24S  S 

Sandy  shale  (top  of  this  makes  higliost  point  of  Carbon  Kidge)_-  4G  5 

Pine  shaly  sandstone  17  5 

Fine  sandy  shale 72  1 

Sandy  shale  139  5 

Fine-grained    shaly    sandstone 40  4 

•  The  section  of  the  Kushtaka  formation  on  pi).  32-34  underlies  this  without  a  break. 
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FL  li. 

Dark-gray  fine-grained  shales j» 135  11 

Gray  fine-grained  shale  with  some  thin  sandstone  and  beds  of  cal- 
careous omcretions les  2 

Gray  sandy  shale 431  6 

Fine  sandy  shale  with  sonie  limestone  beds 278  3 

Arkose 285  6 

Fine,  gray,  sandy  shale 13  7 

Arkose  (coarse  at  base,  fine-bedded  at  top) 150  10 

Black  shale,  somewhat   crumpled    (underlain    by  tlie    Knshtaka 

formation    5 


'  2.018  1 
The  shales  (not  all  of  which  are  represented  in  the  sectioa)  are 
overlain  by  a  bed  of  sandstone  several  hundred  (possibly  500)  feet 
thick.  This  sandstone  is  well  expos^  on  the  hills  northeast  of  Lftke 
Tokun  and  west  of  Lake  Charlotte.  The  beds  overlying  this  amd- 
stone  contain  some  shale,  but  are  not  well  exposed. 

FOSSILS. 

The  following  inollusks  were  identified  by  W.  H.  Dall: 

One-half  mile  northeast  of  Summit  Cabin,  Ivushtaka  Ridge,  250  feet  above 
large  coal  seam  on  Queen  Creek  and  near  the  base  of  the  Toknn  fSormation: 
(4440)  Spiaula,  Fusua,  Lunatia,  Leda,  8olen^  Lucinq  probably  muHUimcaf 
Ckmrad,  Molopophorus  8i>.?  (4378)  8ume  as  4377,  with  the  addition  of  tlie 
print  of  a  large  Scnielcf 

Fine-grained  flaggy  Mindstono  with  thiu  calcareous  beds,  1,000  feet  S.  60^*  £. 
of  Queen  coal  ()i>ening;  elevation,  ],<5(K)  to  IJOO  feet.  (4377)  Fusus  or  Latins, 
JAtorinaf  XaHftnf  Yoldin,  LviUi,  LunatUit  MytHuH,  Macotna,  Solen,  Mactra  or 
Hpisula,  and  Cythcrcaf  or  some  N'eneroid  form. 

()n(»-half  iniUi  uortlioaHt  of  locality  No.  4440,  ou  crest  of  Knshtaka  Ridge 
(on  the  Htrilie  from  hK-ality  No.  4440)  :    (4441)  Lcda,  Yoldiaf  Spinulaf 

Bouthoast  (Mlge  of  KuKhtalia  (ilaclcr,  about  IJ  miles  from  Knshtaka  I^ke; 
elevation,  :5r»0  f<H»t :  (4.TS2)  Fraj^uicntH  of  the  arms  of  an  ophiurau. 

Southeast  c<l}:c  of  Knslitaka  (ila('ic?r,  about  2  miles  from  Kusbtaka  I^ke;  ele- 
vation, 4.S0  feet:  (4.*is;i)  Uaminca  or  Bulla rin,  Yoldia,  and  Mavotna. 

(Jap  between  M(MUit  Chezuni  and  Monument  Mouutahi:  (4395)  Fususf  Lu- 
natiiif  Miwtra  or  SptMulat 

One-fourth  mile  nortIu»ast  of  Mount  Cliezum,  in  deep  canyon:  (4438)  Lu- 
natia,  Diplodonfa/  Dniiitlium.  Fusus,  Spisula,  Martraf  Macomaf 

Middle  fcuk  <»f  Trout  CrcH'k  near  its  IkmuI  :    (431)0)  FuHUat  fragm.  of  bivalves. 

UnniFFEREKTIATED  TERTIARY. 

The  areas  re])reseiile(l  on  the  map  (PI.  V,  pocket)  as  undifferen- 
tiated shale  and  sandstone  probably  consist  predominantly  of  the 
rocks  of  the  Katalla  formation,  except  on  the  south  end  of  Carbon 
Mountain,  where  they  represent  either  the  Stillwater,  Knshtaka.  or 
Tokun  formations.  Tliese  areas  are  those  in  which  the  geologic  work  j 
was  not  finished  with  sufficient  detail  to  show  the  boundaries  of  the 
.  formations. 
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AGS  4Xn>  COKRELJLTIOK, 

The  Tertiary  j^HlinientH,  as  shown  in  the  preceding  pages,  consist  of 
monotonous  repetitions  of  shales  and  sandstones,  with  an  included 
mans  of  coal-bearing  arkose  and  one  or  more  massive  conglomerates. 
The  total  thiclcness,  as  shown  in  the  following  table,  is  many  thousand 
feet.  The  structure  of  the  region  in  which  these  rocks  outcrop  is  com- 
plex; exposui^s  at  critical  points  aix*  often  wanting;  und  neither  thu 
lithologic  character  of  the  bnls  nor  the  f fossils  whi^-h  they  fontaiii  iire 
sufficiently  distinctive  to  make  it  p<>ssible  to  recognize  witli  cerUunty 
the  com|)lete  stratigraphic  suceei^sion. 

The  presence  of  two  easily  recognized  horizons,  the  arkose  and  the 
conglomerate,  give  distinctive  character  to  two  purts  of  the  strati - 
graphic  column.  The  arkose,  with  its  associated  coal,  is  revstricted  in 
a  real  distribution  to  the  region  north  of  Bering  Lake,  and  the  con- 
glonierate  to  the  region  south  of  the  lake.  Between  these  regions  are 
areas  of  no  outcrops,  and  none  of  the  beds  of  either  regioB  can  be 
recognized  with  certainty  in  the  other. 

Sf'cfifin  iiftrtft  ttf  Ii«  Hittf  fjik^^ 

Fe#t 

ff*    Ratui«ti:me   _— ^-_,,_^ ^__ ^_-      500 

f^.    Sim  If*  with  thill,  rins^'  miiiLlHtonefi  tun}  wltli  <K'ca»iotiAl 

cHlcareotia  concretions^-. . . i ,^-  2,000+ 

f%    Ariiost^  witli  manir^  mml  IkhIsi  and  with  ^Jtue  iibule  uiid 

sumlstone —~ — - —  2,frfJ0± 

tt.    Sbrtl*^  niirt  sMmtp!ti»in*__. ^^ ^. 1,000+ 


Ttjkiaj  for- 
aifitiiin, 

Knsht^ka 

StniwHter 
format  ion. 


Katalla  for- 
mation. 


Section  south  of  Bering  Lake, 

e.    Conglomerate  and  conglomeratic  sandstones  Interbedded 

with  shale  and  stindstone 2,  500 

A    Flaggy    sandstone 500± 

g.    Soft  shale  with  cnlcari»ons  concretions  and  with  bed  of 

glaiioonitic  sand  near  base 2,000 

//.    Sandstone   1,000 

i.    Soft  shale 5(K)+ 

The  succession  in  each  of  these  sections  may  be  assumed  as  reason- 
ably correct,  although  there  is  a  possibility  that  the  thicknesses  are  too 
great  l)ecause  of  there  havin<2:  been  repetition  of  the  less  characteristic 
fjeds  by  faulting.  The  correlation  of  the  beds  of  one  section  with 
those  of  the  other  rests  at  present  upon  evidence  which  is  incomplete 
and  unsatisfactory,  and  must  be  regarded  as  suggestive  rather  than 
conclusive.  It  is  probable  that  one  of  two  correlations  is  true:  The 
shale  and  sandstone  of  the  Stillwater  formation  (d)  may  overlie  the 
conglomerates  (e)  of  the  Katalla  formation  with  a  concealed  interval 
of  unknown  extent  between  them,  or  a  and  b  may  be  identical  with  h 
and  /.  In  the  former  case  the  conglomerates  underlie  the  coal  field; 
in  the  latter  case  the  coal  underlies  all,  or  nearly  all,  of  tlie  entire 
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regicm  under  discussion.  The  stratigraphic  and  stractoral  field  evi- 
dence proves  nothing  either  way,  but  suggests,  as  the  most  probaUe 
relation^  that  the  entire  section  north  of  Bering  Lake  overlies  the 
section  south  of  the  lake. 

The  Tertiary  rocks  contain' fossils  at  many  localitiea,  bat  they  are 
usually  poorly  preserved  or  not  characteristic  They  consist  diiefly 
of  leaves  and  of  marine  Mollusca,  but  include  also  a  few  echinoids, 
Crustacea,  fish,  and  fresh  or  braddsh  water  Mollusca. 

The  strata  and  localities  which  yielded  the  more  important  fossils 
are  as  follows: 

1.  Sandstones  of  the  lower  part  of  the  Tokun  formation,  yielding 
abundant  marine  Mollusca  at  several  localities. 

2.  Arkose  and  coal  beds  of  the  Kushtaka  formation,  yielding  fossil 
leaves  at  many  localities. 

3.  Shales  and  sandstones  of  the  Stillwater  formation,  yielding 
poorly  preserved  Mollusca  of  both  marine  and  fresh- water  types. 

4.  Shale  and  sandstone  associated  with  conglomerates  at  localities 
on  Kayak  Island  and  elsewhere,  yielding  marine  Mollusca.  The  local- 
ities on  the  mainland  are  in  the  upper  part  (e)  of  the  Katalla  forma- 
tion. The  conglomerates  on  Kayak  and  Wingham  islands  are  corre- 
lated with  the  other  conglomerates  on  purely  lithologic  evidence. 

5.  Sandstone  (/)  underlying  the  conglomerate  of  the  Katalla  for- 
mation, yielding  a  few  marine  fossils. 

6.  Soft  shales  (g)  of  the  Katalla  formation,  yielding  marine  Mol- 
lusca, Crustacea,  and  fish. 

7.  Lower  sandstone  (A)  of  the  Katalla  formation,  yielding  marine 
Mollusca  and  echinoids  at  several  localities  on  the  banks  of  Bering 
River  and  elsewhere. 

Dr.  W.  H.  Dall,  after  examining:  the  fossils  collected  in  1905  in  the 
region  north  of  Bering  Lake  from  the  Tokun  and  Stillwater  forma- 
tions, said : 

In  regard  to  the  fossils  tbeniselves  it  should  be  premised  that  they  consist  of 
crushed  and  distorted  shells  In  a  very  toujch  and  hard  matrix  which  wholly 
conamls  the  muscular  impressions  and  hinges  of  bivalves,  and  the  aperture  and 
pillar  of  gasteroiH)ds,  so  that  in  most  cases  even  the  genus  is  uncertain,  and  in 
the  present  state  of  our  knowledge  it  is  imix)8sible  to  make  specific  Identifica- 
tions. Hereafter  when  we  shall  know  the  Tertiary  faunas  of  the  Pacific  coast 
thoroughly  it  may  be  jmssible  to  identify  several  of  these  species,  but  not  till 
then. 

I  may  add  that  there  are  jio  characteristic  Eocene  or  Miocene  tyi)es  In  the 
sixK»imen8  collected;  that  the  fauna  below  the  coal  api^ears  to  be  identical  with 
that  above  it;  that  the  Marcia  and  (Ue.mentin  iK)int  in  the  direction  of  Ollgoceue 
age ;  that  the  mixture  of  fresh  water  and  salt  water  forms  indicates  a  location 
near  salt  water  but  with  fresh  water  near  by,  as  in  a  river  delta.  I  may  express 
the  suggestion  that  the  faima  is  marine  Oligocene  corresi>ondhig  to  the  marine 
phase  of  the  Kenal  group,  hitherto  unknown.  It  is  certainly  not  Eocene,  and 
if  Miocene,  not  the  same  fauna  as  the  Astoria    or   Coos   Bay  (Empire   beds) 
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Mioemie  ftmuar  and  a ppa rentier  not  tbnt  of  the  Crepiiiula  bed  wbicb  overlk^  the 
^j^B&t  beds  at  Uiiga  anil  nn  P^>iw»ff  Islaiul*  Shumaglns.  Hi>wevi^r,  the  fuunn  <.*f  the* 
latter  l»  meager  and  one  maj  not  be  positive  as  to  Its  relations  to  the  Controller 
Bay  beds* 

DcM'tor  Da  11  submitted  the  following  comments  on  the  material 
collected  in  the  same  year  from  the  various  members  of  the  Kiitnlhi 
fDrniation : 

The  material  la  apiwirently  all  of  ot)«  age  aiul  coulalUH  but  one  fauna,  which 
1iet*mei  to  be  Miocene.  Tbe  bad  foudition  nf  the  fossHi^  wliieh  have  het>n  rrnwhtHl 
ia^nrl  dlstorte^l,  niakefl  it  impracticable'  tn  Identify  most  of  them  i^T>ef*ft! cully,  bnt 
tliere  are  severnl  Mitx-ene  wjieiries  amoiiK^  Hjem* 

The  prevalenee  of  tyjiest  closMdy  nHmllUij;  recent  sjxH^les  of  the  same  region 
leads  to  thp  belief  that  it  is  ni>jM?r  Miocene,  and  twsiitbly  ml^bt  be  even  PlloeeiKr 
Id  fl^e,  tbotigh  the  letter  is  iinlikely.  The  rrn^k  varies  from  very  hard  tough 
shale  to  a  enmibliiig  f^ift  &and  rock,  nnt  roHpiJiblUig  nny  I'Hoeent^  matrix  T  have 
peen  from  the  coast. 

DtK*tor  DuITh  report  on  the  material  r**llerted  in  190^5  frcjui  the 
Toktin  and  Katalla  forma tiotis  \^  a,s  follows: 

The  rockw  In  which  theise  fossils  are  containeil  have  been  much  beaterl, 
crushed,  aad  consolidated  \  hence  the  fosBllH  have  been  disturbed  and  broken, 
andt  til  the  majority  of  cases,  retain  only  bnpresalons  wldch.  In  the  case  of 
biTBiTBR*  fihow  neither  the  hini^e  nor  the  nnnw^ular  hnt>rcHsionK,  In  many  ertses 
mw0tt  the  genera  can  only  be  jfnes&ed  at,  and  the  sttecie^;  Is  determinable  for  only 
one  or  two  forms,  and  then  except  tii  one  ease,  with  PM>me  dnobt.  There  is  a 
Btrong  r"''**bahility  that  Sf>mewhere  hi  the  vicinity  the  same  rtK'ks  niay  exlrtt  to 
h^i^tti^r  concntlon,  containing  ret^ognlKobJe  ffissils  svblclu  when  worked  out;  wvmUJ 
enable  us  to  recognize  those  In  worse  condition,  but  at  present  this  is  not  prac- 
ticable. The  fauna,  so  far  as  It  can  be  determined,  seems  to  be  nearly  or  quite 
the  same  In  all  the  localities  mentioned,  with  the  possible  exception  of  No.  4434. 
Unfortunately  there  is  very  little  that  is  characteristic  in  any  of  It.  With  the 
exception  of  No.  4434  the  aspect  is  Miocene  and  there  are  two  species  which  re- 
semble Astoria  Miocene  forms  very  closely.    No.  4434  is  i)ossibly  Oligocene. 

The  paleontologic  evidence  may  be  summarized  as  follows: " 

1.  The  marine  MoUusca  from  the  sandstone  of  the  Toktin  forma- 
tion are  either  ao  poorly  preserved  as  not  to  admit  of  specific  identi- 
fication or  belong  to  undescribed  species.*  They  are  almost  certainly 
Miocene,  but  can  not  be  definitely  correlated  with  any  known  Miocene 
faunas  of  other  regions. 

2.  The  plants  from  the  coal-bearing  rocks  include  poorly  preserved 
individuals  which  suggest  species  of  the  Kenai  formation  of  Cook  In- 
let, generally  considered  to  belong  in  the  upper  Eocene  or  Oligocene. 
The  best  preserved  specimens,  however,  represent  species  which  are 
not  known  in  the  Kenai  and  which  are  suggestive  of  later  Tertiary 
age.  There  is  no  positive  evidence  that  the  exact  equivalent  of  tiie 
Kenai  occurs  in  this  region. 


«  Data  furnished  by  W.   II.   Dall   and  Ralph  Arnold  on  tho  Mollusca,   V.   H.   KnowUon 
on  the  plants,  and  by  W.  l\.  Clark  on  tho  ochinolds. 

*  This  statement  applioB  to  all  the  faunas  of  this  region. 
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S»  Hie  foflttk  of  the  fi^Ohnter  formatioti  are  poorlv  pir^rrdi. 
hm^  and  not  dianeteristie.  There  a  n*  ito  jwi^ir i vc  points  of  di  ffenMice 
between  fliis  fauna  and  that  of  the  Toktin  formatiou^  and  it  dues  uo< 
in^oate  age  mofe  doseljr  than  TertiarT. 

4.  The  marine  MoUusea  from  ihe  ^hale^  of  the  coii^lnmeratic  h^^ 
on  Kayak  Island  are  better  preserved  tiian  most  of  tW  uthrr  faunae 
of  tihe  region.  Thegr  include  among  other  forms  a  ^pecie^  of  ffmUi* 
Ute&  which  is  considered  dbaraeteristic  of  the  OHgot^ene.  Tlie  con- 
glomeratic  beds  at  the  top  of  the  Katalla  foniiation  on  the  mainlfiod 
have  not  yielded  diaracteristic  fas^ils  and  are  to  be  eorn^UUHl 
with  those  on  the  island  <mly  on  litLolugie  ^¥Aut)iActib  ' 

5.  The  sandstones  (/)  underlying  the  cangiomerates  hmn  yidcM 
no  fossils  of  positive  sig^iificance  in  indicating  age.  Dall  aoid  An^ 
have  suggested  *  that  some  of  these  look  like  Eocene  forms. 

6.  'Hie  marine  Mollusca  from  the  sbales  of  the  Katallm  formirfion 
(g  of  the  secticm  on  p.  87)  are  later  than  Eocene  and  are  posfiibl^ 
Oligocene,  though  probably  Miocene. 

7.  The  marine  Mollusca  of  the  lower  standstone  (A)  of  tiie  KatiDi 
fotmation,  as  exposed  on  the  banks  of  Bering  Biver,  an  IGooeoei  uA 
Dall  suggests  that  they  are  of  the  same  age  as  the  &una  iA  the  Tehm 
formation.  The  echinoids  from  the  same  beds  and  localitaea  aie  not 
distinctive. 

'  It  may  be  seen  from  the  preceding  paragraphs  that  the  faunas  iod 
floras  are  of  little  aid  in  correlating  these  beds  with  those  of  other 
regions  and  yield  no  satisfactory  evidence  as  to  the  relation  of  these 
beds  among  themselves.  There  is  no  doubt  that  the  entire  sequence  is 
Tertiary  and  post-Eocene ;  i.  e.,  Oligocene  or  younger.  The  rocks  of 
the  coal  field  (Tokun,  Kushtaka,  and  Stillwater  formations)  may 
with  reasonable  certainty  be  placed  in  the  Miocene,  with  their  base 
probably  extending  down  into  the  Oligocene.  The  section  south  of 
Bering  Lake  presents  more  difficulties.  If  the  lower  beds  of  this  sec- 
tion be  correlated  with  the  higher  beds  of  the  coal  field  the  section 
would  be  all  Miocene  or  younger.  We  must  then  conclude  either  that 
the  conglomerates  of  the  hills  south  of  Bering  Lake  belong  at  the  top 
of  the  section  and  are  late  Miocene  or  younger  (in  which  case  they 
can  not  be  the  same  as  the  Oligocene  conglomerates  of  Kayak  Island)? 
or  that  they  have  been  placed  in  an  abnormal  position  by  an  unde- 
tected fault,  or  that  the  determination  of  the  Oligocene  RostelliUs  is 
incorrect.  If,  on  the  other  hand,  it  be  assumed  that  the  sequence  in  the 
section  south  of  Bering  Lake,  as  given  on  p.  37,  is  correct  and  tha^this 
entire  section  belongs  below  the  section  exposed  in  the  coal  field,  then 
the  reference  of  the  conglomerate  to  the  Oligocene  would  fit  in  wiA 
the  reference  of  the  rocks  overlying  the  coal  to  the  Miocene,  and  of 

•  Bull.  IJ.  S.  Geol.  Survey  No.  250,  1905,  p.  14. 
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he  con\  m^siKure?;  to  the  Miocene  or  OUgocene,    The  difficult}^  would 

hen  l«?  with  tha  lower  part  of  the  section  south  of  the  hike,  und  it 
Qust  be  asi»umed  eith<?r  that  the  reference  of  thewe  fjiunas  to  the 
Jiocene  is  incorrect  and  that  th^y  are  Oligocene  or  older,  or  that  they 
lave  lieen  displaced  by  a  fault  of  which  the  existence  and  position 
lave  been  overlooked. 

The  stratigraphy  and  structuro  are  complicateel  and  are  none  too 
veil  known,  Injt  on  their  evidence,  taking  it  for  what  it  is  worth,  the 
lUthor  would  be  inclined  to  phice  all  the  rocks  south  of  Bering  Lake, 
rith  the  conglomerates  {correlated  wnth  those  on  Kayak  and  Wing- 
lam  islands)  at  their  top,  !>tdow  the  section  exposed  in  the  coal  field, 
le  would  then  interpret  the  paleontology  to  mean  that  the  rocks  south 
f  Bering  Lake  are  Oligocene*  that  the  coal  measures  are  Oligocene 
ritli  a  jjossible  transition  to  the  Miocene,  and  that  all  the  rocks  above 
he  coal  are  Miocene.  The  faiinal  clisorepancies  would  then  i>e  ex- 
lained  a.s  due  to  the  insufficiency  of  the  material  at  hand  from  the**e 
xjalities,  and  of  the  data  for  correlation  with  faunas  representing 
imilar  geographic  conditions  in  other  hK-alities.  But  if  the  paleon- 
ylogy  requires  it,  if  further  study  confirms  the  suggestion  of  correla- 
ions  made  alwve,  then  the  stratigraphy  and  struct^ire  can  and  sliould 
e  interpreted  to  nieet  the  requirements  of  the  paleontolog}\  It  would 
€  strange  indeed  if  the  writer's  interpretation  of  such  structure  as 
his  should  be  supported  in  all  respects  by  more  refined  methods  of 

IGNEOUS    ROCKS. 

Small  dikes  and  sills  are  very  abundant  in  the  Tertiary  rocks, 
specially  north  and  east  of  Stillwater  Creek.  None  were  recorded 
etween  Stillwater  Greek  and  Bering  Lake,  but  several  were  seen  in 
[le  region  south  of  Bering  Lake.     Most  of  these  masses  are  less  than 

or  2  feet  thick,  and  none  could  be  followed  along  the  surface  for 
ny  considerable  distance.  The  largest  and  most  noticeable  are  indi- 
ated  on  the  geologic  map  (PI.  V,  pocket). 

Basalt  is  the  predominant  kind  of  rock,  although  three  of  the  larger 
likes  were  found  to  be  of  diabase.  One  of  these,  on  the  crest  of  the 
lill  between  Katalla  River  and  Clear  Creek,  has  a  width  of  about  20 
eet  and  a  length  of  several  hundred  feet,  and  is  the  largest  dike  seen 
n  the  Tertiary  rocks  of  the  mainland. 

The  small  basalt  sills  are  especially  interesting  for  the  reason  that 
hey  were  frequently  intruded  along  coal  Ijeds,  and  have  altered  the 
coal  for  a  few  inches  from  the  contact  to  a  dense  coke  with  well- 
marked  columnar  joints  normal  to  the  surface  of  the  sill. 

A  large  mass  of  basaltic  glass,  with  augite  and  olivine  phenocrysts, 
«ras  seen  on  the  west  shore  of  Kayak  Island.  It  is  associated  with 
Tertiary  shale  and  conglomerate  and  is  probably  extrusive. 
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Another  large  mass  of  extrusive  material  was  seen  at  the  north  end 
of  Kayak  Island.  It  is  of  tuffaceous  character,  but  the  mineralogic 
composition  and  the  stratigraphic  relations  were  not  determined. 

The  high  southern  peak  of  Kayak  Island,  known  as  Cape  St.  Elias 
(see  PL  IV,  -ff ,  p.  16) ,  and  the  neighboring  rocky  spire  are  seen,  from 
the  passing  steamers,  to  be  composed  of  a  white  rock,  with  well- 
developed  basaltic  columns,  apparently  of  igneous  character,  and 
different  from  anything  seen  elsewhere  in  the  region.  The  neighbor- 
ing beaches  are  also  composed  of  white  pebbles  which  extend  in  grad- 
ually diminishing  proportion  as  far  as  the  north  end  of  the  island, 
where  specimens  were  collected  which  proved  to  be  dacite. 

The  metamorphic  rocks  on  Wingham  Island  and  in  Ragged  Moim- 
tain  are  associated  with  large  numbers. of  igneous  masses  of  diverse 
character.  Most  of  them  are  much  altered,  in  some  cases  to  green- 
stone. No  attempt  has  been  made  to  show  on  the  map  the  distribution 
of  the  various  masses  or  to  determine  their  microscopic  character. 


STltUCTI^Rp:. 


The  pre-Quaternary  rocks  of  this  region  have  a  general  northeast 
strike;  have  steep  dips,  which   are   northwestward  throughout  the 


Fig.  1. — Structure  on  n  creek  in  the  northeast  part  of  Bering  River  coal  field. 

greater  part  of  the  region:  and  are  faulted.  The  northeast  strike  and 
northwest  dip  are  the  dominant  structural  features  of  the  region. 
The  strike  varies  from  the  northeasl  most  markedly  between  Kush- 
taka  Lake  and  Berg  Lakes,  where  it  is  east  and  we.st,  and  at  points  in 
and  north  of  the  valley  of  Burls  (^reek,  where  it  is  northwest. 

Monoclinal  noi-thwest  dip  holds  thr()n<i!:hout  the  greater  part  of  the 
region  east  of  Kushtaka  (ilaeier  and  Kushtaka  Lake.  In  the  north- 
east part  of  this  region  the  structure  is  not  as  simple  as  the  uniform 
strike  and  monoclinal  dip  seem  to  indicate.  The  folds  are  in  part 
overturned,  in  j^laces  complexly  so,  and  a  complicated  system  of 
overthrust  faults,  shown  in  fig.  1,  adds  to  the  complexity  of  the 
structure,  which  gradually    increas<^s   from   southwest   to   northeast 

The  structure  between  Kushtaka  Lake  and  Shepherd  Creek  is  some- 
what more  simple  than  in  the  eastern  district  described  above,  l^ 
the  greater  j)art  of  this  region  the  folds  are  open,  the  strike  north- 
east, and  the  dip  northwest,  although  southeast  dips  occur  in  sevewl 
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«as  ami  there  ih  considerable  variation  in  strike  silong  the  valley 
Slioplu^rd  Creek.    Tlu*  structural  features  of  thi*i  region  can  reud- 

be  Bec^n  by  ins|3ectiou  of  the  geologic  map  and  s^tructure  sections 
L  V^  |XK!ket),  At  least  fonr  faults  trti verse  this  iirca.  An  over- 
list  near  the  crest  of  the  southern  end  of  Kiishtaka  Ridge  has  cut 

i\m  Kushlaka  fornmtion  and  brought  the  Tokun  and  Stillwater 
matioiis  iu  am  tact  with  each  t^then  Another  fuidt  of  somewhat 
*er  t  a  i  II  ch  a  ra  cte  r  e  xi  en  il  s  a  1  ong  t  h  e  we  stern  si  de  of  a  n  d  a  Iw  u  t  h  a  1  f 
y  down  Kushtaka  Ridge.  Along  the  eastern  side  of  the  viilley  of 
apherd  Cr^ek,  from  a  point  near  the  northern  end  of  Lake  Char- 
ts to  1|  nuleB  Ixdow  the  lake,  two  faults  bound  a  block  of  tiimth- 
tward -dipping  Kushtaka  formation  between  north  west  ward -dip* 
[g  rocks  of  the  Tokun  formation.  An  anticline  has  its  axis  on 
rbon  Creek,  and  another,  whieli  is  probably  a  prong  of  the  former. 
Queen  Creek.  Between  these  a  synclinal  mass  of  the  Tokun  for- 
tion  lies  transversely  across  the  ei^st  of  Kushtaka  Ridge. 
The  region  west  ut  Sliepherd  Ct^ek  presents  a  variety  uf  features- 
e  belt  of  Tokun  formation  extending  nortlieast  and  southvyest 
im  Lake  Tokun  c^ontains  i*eguhir  stroetuR^  witii  northeast  strike 
1  northwest  dip,  Suuth  of  thin  is  a  syncline  eonlaiuing  the  ixH-ks 
the  Kushtaka  formation.  This  fold  hai*  an  axis  oljlitjue  to  the 
leral  neighboring  structure,  is  cut  off  on  its  northwest  side  liV  a 
Ut,  and  l»as  a  stwp  northward  pitch*  Farther  south  the  fault, 
«ady  described  as  extending  along  the  western  side  of  Kushtaka 
dge,  crosses  this  ridge  diagonally  from  Shepherd  Creek  to  Dick 
eek,  and  along  it  the  Stillwater  formation  is  overthrust  upon  the 
kun  formation.  South  of  this  fault  are  several  folds,  most  of 
ich  are  open.  Faults  probably  are  present,  but  were  not  detected. 
The  peninsula  south  of  Bering  Lake  shows  considerable  diversity 
structure.  The  region  east  of  Burls  Creek  has  north  and  northeast 
ikes,  and  both  east  and  west  dips.  An  anticline  extends  along  the 
lyon  of  Chilkat  Creek,  its  western  flank  being  broken  by  a  fault, 
st  of  this  fold  are  several  minor  ones,  the  most  noticeable  being  a 
sely  compressed  syncline  extending  diagonally  across  the  southern 
1  of  the  ridge  east  of  Chilkat  Creek,  and  sliown  on  the  map  by  the 
rition  of  a  belt  of  sandstone.  It  is  highly  probable  that  the  western 
ik  of  the  lower  north  arul  south  course  of  Bering  River  is  on  the 
e  of  a  fault. 

The  valley  of  Burls  Creek  and  the  hills  northeast  of  it  contain 
eral  folds  which  are  revealed  b}^  the  sinuous  boundary  of  the  shale 
1  sandstone.  These  folds  descend  into  the  valley  of  Burls  Creek 
I  die  out  or  are  cut  off  by  a  fault  against  the  steep  western  side  of 

valley, 
["he  hills  between  Burls  and  Redwood  creeks  have  an  anticline  ex- 
ding  northeast  and  southwest  through  the  headwaters  of  Split 
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Creek.  North  of  this  is  a  spoon-shaped  syncline,  divided  from  the 
anticline  by  a  fault  South  of  the  anticline  the  monodinal  south- 
ward dip  continues  to  the  edge  of  the  flats  bordering  Controller  Bay. 
The  structure  of  this  area  is  shown  on  Fl.  V  (pockrt).  Possibly  #B 
valley  of  the  upper  east  fork  of  Redwood  Creek  contains  a  fault  <wkkii 
has  caused  a  repetition  of  the  shales  and  sandstonea  In  this  case  the 
shale  in  the  valley  of  Split  Creek  is  the  same  as  that  on  the  head- 
waters of  Bedwood  Creek,  and  the  sandstone  oh  the  ridge  north  of 
Bedwood  Creek  is  the  same  as  the  sandstone  underlying  the  ccmglom- 
erate  on  the  ridge  south  of  it.  Another  possibility  is  that  the  upper 
valley  of  Redwood  Creek  and  the  ridge  north  of  it  eadi  contain  a 
closely  compressed  and  overturned  anticline  and  Sfyncline,  whidb 
would  cause  a  repetition  of  the  beds  similar  to  that  which  wpuld  occur 
by  faulting.  The  shales  and  sandstones  are  near  enough  alike  to  ad- 
mit of  this  possibility,  but  the  fault  or  folds  have  not  been  found,  and 
the  presence  of  two  shales  and  sandstones  is  indicated  in  other  locali- 
ties. These  possibilities  have  been  alluded  to  in  the  description  of  the 
Katalla  formation  on  page  28. 

The  fact  that  the  sandstones  and  conglomerates  east  of  Redwood 
Creek  are  not  found  west  of  it  indicates  that  a  fault  of  considerable 
magnitude  extends  along  the  course  of  the  creek.  The  hills  between 
Redwood  Creek  and  Katalla  River  have  an  irregular  syndine  on  their 
southern  end,  and  several  small,  closely  compressed  folds  immediately 
west  of  it.  An  anticline  lies  southeast  of  this  fold,  extending  south- 
westward  from  near  the  oil-drillers'  camp  at  Redwood,  where  it  is 
probably  cut  off  by  the  Redwood  Creek  fault,  to  near  the  head  of 
Katalla  Slough.  The  northern  end  of  the  ridge  wast  of  Redwood 
Creek  has  monodinal  southeast  dip. 

The  rocks  of  the  crescent-shaped  hill,  extending  from  Cave  Point 
to  Point  Hey,  have  curving  strike  parallel  to  the  crest  of  the  hill  and 
dip  toward  its  concave,  seaward  face.  This  appears  to  be  the  end  of  a 
seaward-pitching  syncline,  of  which  only  the  nose  remains  above  the 
ocean.  The  rocks  between  Katalla  River  and  the  base  of  the  steep 
eastern  sloi>e  of  Ragged  Mountain  have  a  general  northeast  strike  and 
a  diversity  of  dips  which  have  not  been  interpreted. 

The  base  of  the  steep  mountain  slope  mentioned  above  lies  on  the 
line  of  contact  between  the  Katalla  formation  and  metamorphic  rocks. 
The  latter  strike  east  and  west,  have  steep  and  diverse  dips,  and  are 
considered  to  be  overthrust  upon  the  younger  shales  of  the  Elatalla 
formation. 

Similar  relations  hold  on  Wingham  Island,  between  the  same  meta- 
morphic rocks  and  the  Tertiary  sandstone  which  is  in  contact  with 
them.    The  sandstone  and  the  slate  here  have  parallel  strike. 

The  rocks  of  Kayak  Island  strike  parallel  to  the  length  of  the 
island  and  have  steep,  often  vertical,  dips. 


r 
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The  structure  of  the  Nicliiiwuk  n^gitm  has  not  been  deterniineiK 
The  !?tnictiinil  fealiirt^s  as  destTibetl  alxive  shmv  that  these  njeka 
have  l>een  Jiivoiviul  in  very  violent  cnistal  movementH.  The  rocks,  in 
spite  of  the  apparent  simplicity  of  wtrueture  in  ureas  of  uniform  mono- 
cUoal  dip,  show,  (m  duyer  jstudy,  that  much  uf  the  simplicity  is  only 
iil»paretit,  and  that  extreme  complexity  dominates  the  structural  fea- 
ture-s.  The  problems  involved  are  ilhiiiivc,  and  it  mu.st  l>e  admitted 
not  only  that  our  present  knowledge  of  the  structural  details  in  most 
of  the  area  h  incomplete  and  urtsatisfactory,  Init  that  even  the 
liroader  scheme  of  the  structure  i^s  not  definitely  known. 

The  presence  of  numerous  fuulti^  ha*s  l>een  alluded  to  iibtjve.  Other 
faults  II n!  doubtless  present,  and  fiiulting  has  probably  ])loyed  a  large 
and  impoilant  part  in  the  develtjpnient  of  tlie  structure. 

Certain  facts  concerning  the  presence  and  distribution  of  petndeum, 
which  will  be  descrilx*d  later  (p.  115),  call  for  structural  theories, 
which  are  not  required  bv  the  distribution  and  attitude  of  tlie  rocks 
at  the  surface.  The  facts  difficult  of  explanatitm  are  (1)  the  pi^s- 
ence  of  light -gravity  pctrnleuui,  which  yields  on  distillation  a  large 
proportion  of  naphthas  and  kerosene,  in  Tertiary  rot^ks  which  have 
l«H?n  highly  folded,  and  {'2)  the  distribution  of  the  <jil  se<*j>ap.'s  in  a 
nanx>w  belt  which  is  diagonal  l>oth  to  the  slructnrt>  and  to  belts  of 
miti'rnp  of  rocks  of  ditferenl  kinds. 

The  theory  suggested  in  expIaURtion  of  these  fact.s  will  l>e  present- 
ed in  greater  detail  below  (p.  lir>).  This  theory  supposes  {1)  that 
there  was,  in  late  Tertiary  or  in  post-Terliaiy  time,  a  zone  of  iutiCnse 
deformation  in  the  present  position  of  the  Ohugach  Mountains,  but 
that  these  conditions  did  not  extend  into  the  coastal  part  of  the  region 
here  described;  (2)  that  the  rocks  now  outcmpping  on  the  shoi'e  of 
Controller  Bay  were  then  well  to  the  north  of  their  present  posititm 
and  were  involved  in  these  intense  movements;  (3)  that,  as  a  final 
stage  in  this  deformation,  the  Tertiary  rocks  rode  southward  in  one  or 
more  great  overthrusts  and  came  to  rest  upon  Mesozoic  strata,  which 
were  at  a  distance  from  the  zone  of  intense  deformation  and  hence  not 
affected  by  it.  This  theory,  although  not  directly  supported  by  any 
know^n  facts  of  structural  detail,  fits  in  with  many  facts  which  arc 
otherwise  unexplained.  It  gives  significance  to  the  straight  shore  of 
this  part  of  the  Pacific  Ocean  and  to  the  clearly  defined  line  parallel 
to  it,  which  separates  the  high  Chugach  Mountains  from  the  lower 
foothills.  It  accounts  for  the  local  absence  of  the  Mesozoic  rocks, 
which  are  so  well  developed  (see  p.  115),  both  north  of  the  Chugach 
Mountains  and  in  the  Cook  Inlet  and  Alaska  Peninsula  regions.  It 
explains  the  presence  of  light-gravity  petroleum  in  rocks  of  this  age 
and  degree  of  deformation,  and  also  the  distribution  of  the  petroleum 
at  variance  with  the  surface  stratigraphy  and  structure.  It  is  not  con- 
tradicted or  made  improbable  by  any  known  facts  of  the  local  geology^ 
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but  is  supported  by  the  fact  that  at  the  base  of  Mount  St,  Elias,« 
not  far  to  the  east  and  in  the  same  position  relative  to  the  Chuguch 
Mountains  and  to  the  Pacific  shore,  ^leisses  are  known  to  be  over- 
thrust  upon  the  youn|i:er  and  possibly  upon  Pliocene  or  Pleistocene 
rocks. 

Ql  ATERNAKV. 
KARIKE  BUT  AND  CLAT. 

These  deposits  are  lH>st  exposcMl  on  the  west  shore  of  the  southeast 
point  of  AA'ingham  Island,  where  they  out  crop  in  the  sea  cliff  for 
one-third  of  a  mile.  They  are  bounded  on  the  east  by  vertical  con- 
glomerate and  on  the  west  by  steeply  dipping  sandstone.  The  eroded 
surface  of  the  upturned  edges  of  these  Tertiary  rocks  have  been  cut 
or  warped  into  a  shallow  trougli  in  which  the  younger  beds  lie  in  a 
gentle  syncline,  with  maxinuim  dips  of  about  20°. 

The  basc^  of  these  IhmIs  is  below  tide  in  the  center  of  the  trough. 
They  extend  up  to  a  maxinumi  of  about  100  feet  above  hig^  tide. 
The  lower  IhhIs  are  of  clay  and  silt,  containing  some  sand  and  peb- 
bl(»s,  with  glacial  scratches,  and  have  a  maximum  exposed  thickness 
of  nhont  30  feet.  Abunchnit.  but  poorly  preserved,  marine  fossils  an^ 
prescMit.  The  uppei-  UkIs  arc  from  l\0  to  50  feet  thick.  They  consist 
chiefly  of«coarsc  sand,  but  contain  several  bands,  each  from  6  inches 
to  2  feet  thick,  composed  of  gravel  and  Iniwlders  with  glacial 
scratches.    They  rest  conformably  upon  tlie  lower  l)eds. 

Similar  chiy,  with  nuirine  fossils  and  scratched  ix^bbles,  were  seen 
on  the  cast  shore  of  Wingliam  Island  ahoiit  •J  miles  north  of  Kayak. 
They  were  j)()orly  exposed  at  tliis  locality.  Heds  of  this  character 
doubtless  undei-Iic  much  of  the  alluvial  flats  of  the  I'egion,  but,  al- 
Uiough  carefully  searched  for,  wciv  not  scon  at  any  ]K)int  except  on 
Wingham  Island.  It  seems  pr(»l)al)Ie  (hat  no  other  part  of  the  r«^on 
has  been  raised  from  iH'neath  the  sea  in  recent  time. 

The  following  report  was  subniitt<Hl  by  ^^^  II.  Dall  on  a  small 
collection  of  fossils  from  the  west  shore  of  the  southeast  ])oint  of 
Wingham  Island : 

(4.'J0!0  Itowlder  clny  fossils,  iniifli  rnisliod  jind  broken;  cimtninft  ftrrriiM'' 
{irnuUinilicHK  \\\u\  spocies  \i^  Mamma,  \l iia  near  an  naria,  Astartr  (V),  TeUw^ 
i  V),  Minllitlus.  lit  la,  ami  lialamis.  i«»o  imin'rleet  to  detoruiiiie  8i)eclflcally. 

GLACIERS. 
i!r.KiN<;  (.i.A(  n.u. 

I><s(r}pffOii. —  Herinrr  (Jlncier  occupies  the  coastal  belt  l)etween  tlu^ 
('hu<rach  Mountains  and  (he  ocean,  from  the  eastern  border  of  the 

"  Itu^isrll.  Isriii'I  ('..  Si'coiul  .xiMMliiic.n  tu  Mount  St.  i:ii;is  :  Thirtoonth  Auu.  Rept.  V- ^ 
<;rol.  Survey,  pi.  2,  IMKJ.  p.  '.j'k 
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A.     FIRST  BERG  LAKE  WITH  BERING  GLACIER  IN  BACKGROUND,  LOOKING  SOUTH. 
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7;.     BERING  GLAC.ER,   SHOWING  ICE  CLIFFS  ON  THE  EDGE  OF  BERING  RIVER. 
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Bay  fliiLs  for  n  ilislantv  of  alxint  70  milesi  eastwar*!*  Its 
probably  l>pt\ve(?n  hOOO  and  h500  s<jimrp  miles,  thtus  closely 
hing,  if  not  eqtitiliiig,  in  size  Malaspina  Glacier,  tht^  area  of 
'as  estimate  by  Russell  to  Ije  1,500  square  tuiles* 
aflacier,  liicc  the  Malaspina  Glacier  not  far  east  of  it,  h  of  the 
it  type,  and  as  such  represents  the  expended  and  coalesced 
of  many  valley  glaciers.  These  tributaries  originate  in  the 
jw  fields  of  the  Chngach  Mountains,  flow  out  through  nil  the 
and  unite  on  reaching  the  lower  levels  to  fomi  a  vast  plateau 
rhich  covers  the  flats  from  the  base  of  the  moimtains  to  the 
16  largest  of  these  tributaries  is  probably  the  one  which  heads 
livide  at  the  source  of  Tana  River,  the  largest  southeiTi  tribu- 
the  Chttina,  These  tributaries  differ  little,  if  any,  from 
jl acid's  of  other  regions. 

lost  striking  feature  of  Bering  Glacier,  aside  from  its  sixe^  is 
snrface  of  its  main  area*  (See  PL  VI,  .1,)  This  featun^, 
I  has  in  common  with  Malaspina  and  Grand  Plateau  glaciers, 
sential  chanicteristic  of  piedmont  glaciei*s.  The  tributaries 
t  from  the  high  valleys  on  steep  grades  and  ix*ach  the  main 
it  an  elevation  of  about  1,500  feet.  From  this  general  ele va- 
gi acier  slopes  gradually  toward  the  sea,  descending  both  in 
*n  grades,  characterized  by  a  i-elatively  smooth  'k%'  surface 
wide  crevasses*  and  in  steei>er  slopes  on  which  the  ice  is  much 
d.  The  western  edge  of  the  glacier  is  well  to  the  we^t  of  any 
ributaries  and  is  at  a  much  lower  level  than  the  central  part. 
5cent  is  attained  chiefly  by  a  number  of  steep  grades,  each  at 
of  a  mountain  spur,  the  surface  of  the  ice  being  almost  level 
them.  Good  examples  of  such  ice  falls  are  those  at  the  end 
on  Mountain  and  at  the  end  of  the  ridge  east  of  Berg  Lakes. 
'ne. — Enormous  amounts  of  detritus  are  accumulated  on  the 
of  the  glacier,  esj^ecially  along  the  western  and  southern 
A  large  part  of  this  moraine  is  on  the  surface  of  the  glacier, 
n  many  places  being  so  buried  as  not  to  be  visible  except  in 
liffs  on  the  borders  of  hdves  or  in  the  deepest  crevasses.  (PI. 
This  surface  moraine  is  in  many  places  covered  by  dense 
vhich  are  in  general  restricted  to  a  belt  along  the  margin  not 
an  a  mile  wide. 

ateral  moraine,  where  it  rests  against  the  hills,  consists  usu- 
a  ridge  separated  from  the  neighboring  hillside  by  a  water 

inal  lakes, — The  five  Berg  Lakes,  situated  on  the  margin  of 
jrlacier  (PI.  II),  near  the  northeast  corner  of  the  region  under 
Dn,  present  some  interesting  features.  These  lakes  are  bor- 
n  their  landward  sides  by  steep  banks,  which  are  in  general 
f  vegetation  and  which  are  covered  chiefly  with  glacial  debris. 
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(PL  VT,  A.)  These  banks  extend  to  an  elevation  of  about  1,000  feet 
above  tide,  or  about  200  feet  above  the  level  of  the  lakes.  They  an 
cut  and  built  into  well-developed  terraces,  which  mark  former  stages 
in  the  elevation  of  the  lakes.  The  lower  terraces  are  entirely  barra 
of  vegetation,  but  the  upper  ones  have  a  scant  growth  of  grass,  herfai) 
and  small  bushes,  which  are  only  a  few  years  old. 

The  surface  of  the  four  western  lakes  is  known  to  be  at  the  same 
altitude  (about  810  feet  in  1905),  and  Fifth  Lake  probably  is  at 
the  same  level. 

These  lakes  are  certainly  connected  by  water  channels  through  the 
crevasses  of  the  glacier,  and  possibly  by  open  spaces  under  the  ic^ 
The  surface  of  the  ice  is  level,  except  where  it  rests  against  the  land 
on  the  points  between  the  lakes.  The  identity  in  the  altitude  of  the 
lakes,  the  level  surface  of  the  ice  between  the  lakes,  and  the  way  in 
which  bergs  break  off  on  the  margin  of  First  Lake  show  that  this  arm 
of  the  glacier  is  floating  in  one  large  lake,  of  which  the  five  Berg  Lakes 
are  only  open  areas.  The  surface  of  the  glacier,  after  a  gentle  slope, 
descends  in  a  low,  crevassed  icefall  to  its  floating  leveL 

The  level  of  the  lake  is  oscillating.  The  absence  of  vegetati<m  oa 
the  lower  terraces  shows  that  it  has  fallen  in  recent  years.  In  June, 
1905,  it  was  rising  several  inches  per  day.  The  outlet  of  the  lake, 
which  is  beneath  the  ice  at  the  end  of  the  long  point  south  of  Fint 
Lake,  becomes  choked  with  d6bris  at  irregular  intervals.  The  water 
then  rises  until  the  pressure  clears  the  outlet  or  till  the  water  can 
flow  on  the  surface  around  the  end  of  the  point,  when  the  lake  is 
emptied,  causing  severe  floods  in  the  valley  of  Bering  River. 

Conditions  are  similar  to  those  at  the  Marjelen  See,*  except  that  at 
Berg  Lakes  a  large  area  of  glacier  is  floating  in  one  large  lake,  which 
appears  on  the  surface  as  five  small  ones.  Lake  Csetani,  Mirror  Lake, 
and  the  numerous  other  marginal  lakes  ^  at  the  head  of  Yahtse  River, 
between  the  edge  of  Malaspina  Glacier  and  the  sides  of  Chaix  Hills, 
possibly  offer  a  closer  resemblance,  though  Russell  has  not  stated 
whether  any  of  these  lakes  are  at  the  same  level  and  possibly  con- 
nected.   Most  of  them,  however,  are  described  as  not  at  the  same  level. 

A  series  of  chains  of  small  marginal  lakes,  of  somewhat  different 
type,  extends  along  the  western  margin  of  the  glacier  between  Bering 
River  and  Xichawak  Mountain.  These  lakes  are  bordered  on  one  side 
by  the  margin  of  the  ice  and  on  the  other  by  the  terminal  moraine. 

MARTIN   RIVER   GLACIER. 

Description. — This  glacier,  which  is  situated  between  the  hills  north 
of  Bering  River  (Pis.  I,  p.  10:  IV,  .1,  p.  IG)  and  the  base  of  the 

«  Lyell,  Sir  Charles.  Principals  of  peoloRy,  10th  ed.,  1807,  vol.  1.  pp.  370-379. 
» Russell,   Israel   C,   Second   expedition   to   Mount   St.   Ellas,   1891 ;   Thirteenth  Abb- 
Kept.  U.  S.  Geol.  Survey,  pt.  2,  1893,  pp.  76-80. 
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Chijgiicli  Moutitain^,  has  an  area  of  abuut  100  .s^iuare  niiles,  not  count- 
Lug  its  uttermost  tributaries,  some  of  which  extend  for  an  unknown 
distance  into  the  mountains.  It  r&sembl(*.s  Bering  Glacier,  in  being 
.situated  at  the  base  of  the  Chugach  MountainK,  in  having  its  longest 
dimen.sion  pamllel  to  the  mountain;^,  and  in  IxMngthe  united  dis^sipator 
af  many  ssnmller  glaciens,  which  de^scend  from  the  high  mountains* 

It  differs  from  the  Bering  and  Malanpina  glaciers  in  lui%atig  a 
range  of  hills  along  its  southern  margin.  It  is  consequentlj,  in  sliape 
and  jKisition,  somewhat  like  a  large  valley  glacier,  although  it  ditFers 
from  valley  glaciens  of  the  usual  type,  and  resembles  piedmont  gla- 
fiei'5^,  in  lieing  a  nearly  stagiumt  mass  of  ice  along  the  frotit  of  I  he 
mountains  which  supply  the  reservoirs  of  its  tributaries^  and  in  Iwiv- 
ing  those  tributaries  on  only  one  side.  But  for  the  nonessential  posi- 
tion of  the  hills  of  the  Bering  River  coal  field  between  it  and  the 
<x)ast,  it  would  be  a  piedmont  glacier.  It  may,  perhaps,  Ijest  be  placed 
in  an  intermediate  class. 

The  tributariecj  come  out  from  the  mountains  on  steep  gi^ades,  joiu- 
jng  others,  swelling  their  volumeiij  at  almost  every  valley  they  pass. 
From  each  of  these  points  of  juncture,  below  snow  line,  a  hand  of 
medial  moraine  is  formed  from  tlie  lateral  moraines  of  the  uniting 
glaciers  (PL  IV,  A^  p.  H0>  The  formation  of  the  main  glacier  takes 
place  in  the  same  w*ay  as  its  immediate  tributaries,  and  long  lines  of 
medial  moraine  extend  down  from  each  juncture  point.  Tliesi^  njor- 
aines  spread  out  aiul  become  scattered  over  tlie  broad  surface  of  the 
flat  expansion  of  the  lower  end  of  the  main  glacier.  The  condition 
of  much  of  this  surface  is  not  unlike  that  of  the  Bering  Glacier,  he- 
iug  thit,  not  nuich  crevassed,  covei"ed  with  a  heavy  coating  of  moraine, 
and  having  forests  over  a  considerable  part  of  it.  Desc*enditig  lobes 
extend  into  the  valleys  of  Kushtaka  Lake  and  I^ake  Charlotte, 

Moraine, — The  lateral  moraine  on  the  southern  margin  of  the 
glacier  consists  of  heavy  accumulations  of  debris,  separated  from  the 
bordering  hillsides  by  watercourses,  between  which  and  the  general 
surface  of  the  glacier  the  moraine  forms  a  high  sharp  ridge. 

The  terminal  moraine  across  the  western  end  is  a  broad,  hummocky 
mass  of  detritus,  w^hich  grades  imperceptibly,  as  far  as  the  surface  is 
concerned,  into  the  moraine-buried  and  forested  end  of  the  glacier. 

ilarginal  lakes, — There  are  two  small  marginal  lakes  on  the  north- 
ern edge  of  the  glacier.  Like  Berg  Lakes,  each  of  them  is  imprisoned 
between  a  mountain  spur  and  the  edge  of  the  ice. 

MINOR    CSLACIERS. 

Slope  Glacier,  three  small  glaciers  near  it,  and  an  unknow  n  number 
of  small  glaciers  on  the  west  side  of  Ragged  Mountain   (only  one 
of  which  is  shown  on  the  nuxp)  are  of  interest  in  showing  the  favor- 
able conditions  for  the  formation  of  glaciers  which  now  exist  in  this 
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Kjgkn,  and  io  flfaawing  triiat  the  probsbfe 
iMrimum  Joeal  CTtgnrion  of  the  ice. 

These  gfaicien  eome  from  soovfieids,  which  in  namm  earns  do  Ml 
extend  ebove  en  eleration  of  2.700  or  2JB0O  feet,  and  in  gencfal  mk 
ewey  et  elevations  of  from  2/lioo  to  2JSO0  feet  Thej  thns  ealafalisi 
the  fMet  that  the  present  local  snovline  is  bdov  2,700  Jieet,  and  this 
hi  confirmed  by  the  medial  moraines  on  the  larjger  giadetii,  whiA 
appear  at  an  elevation  slightly  leas  than  2^100  feet 


The  maximum  known  glaciation  of  this  regicm  is  represented  bf 
the  moraine  Hhown  on  the  geologic  map  (PL  V,  podrnt)  as  faotderiag 
Martin  River  Gbcier,  and  by  numerous  small  diques  which  are  qoite 
generally  distributed  over  the  higher  ridges. 

The  old  moraine  of  Martin  River  Glacier  extends  tor  a  vaijing 
distance  up  the  northwest  slope  of  Cunningham  Ridge,  deaoends  inlio 
the  valley  of  Stillwater  Creek,  encircles  Kushtaka  Lake,  rides  ofcr 
the  sides  and  northern  end  of  the  group  of  mountains  between  Kndi- 
taka  I^ko  and'I^ke  Charlotte,  and  borders  the  notfhem  flank  of  the 
group  of  hills  west  of  Lake  Charlotte.  The  position  of  this  moraine 
on  low  ground  is  on  the  line  of  little  hills  at  the  southwest  end  of 
Kusiiiaka  Lake,  one-half  mile  below  the  outlet  of  Lake  Qiarlotte  ia 
(lu»  Shepherd  Creek  valley,  and  about  three  miles  beyond  the  pres- 
ent front  of  the  glacier  in  the  Martin  River  valley.  It  extends  up  the 
liill.side  to  iniixiniuni  elevations  of  000  or  700  feet  above  the  present 
po^^ition  of  the  edge  of  the  glacier.  The  corresponding  moraine  of 
Bering  (ihicier  has  not  been  mapixid,  but  foreign  morainic  material 
is  known  to  he  al)si»nt  from  the  valleys  bordering  on  Berg  I^akes  at 
4»levalions  exceeding  about  1,000  feet,  or  alKHit  200  feet  above  the 
|)rc»senl  verli(*al  position  of  the  ghicier,  and  also  from  the  north  banks 
of  Bering  Kiver  on  both  sides  of  Stillwater  Creek  at  distances  of  one- 
half  mile  and  one-third  mih»  from  the  present  margin  of  the  ice. 

Thesi*  facts  indicate  that  conditions  of  maximum  glaciation  were 
r(^present4Ml  by  an  increase  in  the  extent  of  Martin  River  Glacier  to 
the  limits  indicated  above,  by  little  if  any  extension  of  Bering  Glacier 
(at  l(»ast  along  its  northwest  margin),  and  by  the  presence  of  a  large 
number  of  small  glaciers  in  sheltered  valleys.  The  vertical  position 
of  the  hitter,  compared  with  the  jnvsent  distribution  of  such  glaciers 
in  this  region,  shows  that  the  snow  line  was  then  about  1,000  feet 
lower  than  it  now  is.  This  might  mean,  as  far  as  the  evidence  from 
existing  glaciers  and  abandoned  cinpies  is  ccmcerned,  that  either  gen- 
eral climatic  changi»s,  or  a  change  of  1,000  feet  in  the  elevation  of  the 
land,  caustnl  the  change  of  1,000  feet  in  snow  line.  Other  lines  of 
cvitlence,  such  as  the  depth  of  alluvium-filled  valleys,  indicate  that 
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*?hange  in  le\'(?I  has  been  rcsiKUL^ible  for  the  rii^  in  the  gnow  line  and 

the  retreat  of  the  glacier^*. 

|i    The  restriction  of  niorainie  itmterial  to  the  limits*  indicated  above 

Inight  be  explaineii  according  to  the  following  hypotheses : 

I     1,  That  moraine  formerly  exii^ting  lias  been  removed  by  erosion. 

2,  That  the  region  was  submerged  during  maximum  glaciation  to 
feuch  an  extent  that  the  glaciers  entered  the.  sea  at  the  pre^nt  lower 
Urn  its  of  the  moraine. 

3*  That  extreme  glacial  conditions  were  so  mild  an  not  to  send  the 
ice  beyond  the  present  known  extent  of  the  mom  inc. 

4,  That  the  land  was  elevated  dnring  the  maximum  glaciation, 
^nd  that  the  large  glacierK  went  out  through  valleys  now  submerged 
01*  fille<l  with  alhivinm. 

The  finst  h3*pc*the?^is  fails  in  that  the  complete  reamving  of  all 
material  (even  in  sheltered  places)  over  most  of  the  area  is  unex- 
plained and  most  improbable,  especially  in  the  presence  of  the  largi% 
untouched  moraines  bordering  the  present  position  of  Martin  Itiver 
Glacier  and  of  many  small,  untouched  moraines  composed  of  hx*ai 
material  in  other  places.  We  have  to  deal  with  the  presence  of  hirge 
moraines  composed  of  foreign  material  at  the  lower  altitudes  and  near 
the  Mart  hi  River  Glacien  and  of  small  moraines  composed  of  local 
tHHterial  at  high  altitudes  and  in  localities  sheltered  from  melting, 
aiid  with  the  absence  of  all  moraine  at  intermediate  altitudes.  The 
di?5tribntion  calls  for  an  explanation  of  genetic  origin*  Destnie- 
tional  agencies  could  not  be  so  complexly  selective  in  the  distribution 
of  their  fields  of  operation. 

The  second  hypothesis  fails  by  the  absence  of  any  physiographic  or 
sedimentary  evidence  of  such  submergence.  There  are  no  wave-cut 
benches;  no  elevated  beaches,  except  the  lake  beaches  described  on 
p.  52;  and  no  unconsolidated  marine  sediments,  except  those  occur- 
ring at  a  low  level  on  Wingham  Island.     (See  p.  46.) 

The  third  hypothesis  can  be  accepted  as  far  as  it  refers  to  the  up- 
ward limit  of  the  moraine  of  the  larger  glaciers  and  to  the  extreme 
limits  of  the  small,  local,  cirque-bcmnd  glaciers.  The  possibility  of 
further  extension  of  the  large  glaciers  beneath  the  present  alluvium 
must,  however,  be  admitted.  This  will  te  considered  under  the 
fourth  hypothesis,  which  is  more  comprehensive  than  the  third. 

The  fourth  hypothesis  is  harmonious  wnth  all  the  evidence  at  hand. 
tf  the  land  were  elevated  1,000  feet  the  snow  line  w^ould  fall  the  same 
Jistance  and  local  glaciers  would  form  in  the  now  abandoned  glacial 
cirques.  The  lowering  of  the  snow^  line  would  increase  the  reservoir 
^rea  of  the  larger  glaciers,  and  hence  their  flow.  They  would  rise 
:>n  the  hillsides,  presumably  to  some  such  elevation  as  that  of  the  high 
rnoraines  bordering  Martin  River  Glacier.  They  would  extend  their 
v^alley  tongues,  but  this  extension  would  be  buried  by  river  deposits 
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during  subsequent  depression.  The  broad  alluyial  flats  are  Imown  to 
be  filled  with  unconsolidated  material  to  depths  exceeding  280  feet 
in  Eatalla  Valley  and  exceeding  580  feet  on  the  east  bank  of  Bering 
Biver,  the  total  depth  in  both  cases  (pp.  119,  121)  being  unknown. 
The  glaciers,  during  such  an  elevation,  could  consequently  have  ex- 
tended far  beyond  the  present  ocean  shore.  In  this  connection  there 
is  significance  in  Dawson's  sugge^on*  that  the  bowlder  day  de- 
scribed by  him  from  Middleton  Island  was  laid  down  in  the  sea  dur- 
ing a  hypothetical  extension  of  Pleistoc^e  glaciers  from  the  mab- 
land.  Mddleton  Island  is  76  miles  southwest  of  Katalla  and  50 
miles  from  the  nearest  shores  of  Montague  and  Hinchinbrook  ialand& 
It  lies  inside  the  100-fathom  curve,  as  given  on  the  present  charts, 
and  Hence  would  probably  be  connected  with  the  mainland  during 
any  such  elevation  as  is  supposed  above. 

LAKE  DEPOSITS. 

The  five  Berg  Lakes  on  the  margin  of  Bering  Glacier,  the  physio- 
graphic features  of  which  have  been  already  described  (p.  47),  are 
bordered  on  their  landward  sides  by  banks  which,  up  to  an  elevatioB 
of  about  200  feet  above  the  level  of  the  lakes,  are  cut  and  built  into 
terraces  which  mark  stages  in  the  former  elevation  of  the  lakes. 
These  terraces  are  composed  of  glacial  debris  which  has  been  re- 
worked by  the  waters  of  the  lakes.  These  deposits  are  known  to  bi 
very  thin  in  places,  where  ledges  of  rocks  are  exposed,  but  their  max- 
imum thickness  is  not  known. 

BTE£AX  AVD  BEACH  DEPOSITS. 

The  eastern  shore  of  Bering  River,  and  of  Controller  Bay,  from  thfl 
margin  of  Bering  Glacier  to  the  ocean,  is  a  flat  plain  of  mud,  sand, 
and  gravel,  constantly  growing  by  the  addition  of  sediment  which 
the  glacial  streams  carry  and  deposit  along  their  courses  and  at  their 
mouths.  Nichawak  Mountain,  Mount  Campbell,  Gandil  Mountain; 
and  the  Suckling  Ilills  rise  like  islands  from  this  plain,  and  it  seems 
certain  that  a  very  short  time  ago  they  were  islands  in  an  older  ex- 
tension of  Controller  Bay,  which  was  then,  as  now,  being  filled  by  the 
sediment  of  these  glacial  streams.  These  younger  fluviatile  Quat«^ 
nary  deposits  cover  large  areas  in  the  valleys  of  Canyon  and  Still- 
water creeks,  and  extend  along  the  northern  bank  of  Bering  River 
from  Shockum  Mountains  to  Bering  Lake.  They  also  extend  up  the 
valley  of  Shepherd  Creek  to  one-half  mile  below  Lake  Charlotte  and 
to  the  moraine  across  the  southwest  end  of  Lake  Kushtaka.  The 
valley  of  Katalla  River  and  of  the  streams  which  head  near  it  and 
flow  into  Bering  Lake  is  floored  with  the  same  material,  as  are  also 

'I>awtM>n.  George  M.,  NoteH  on  the  Oeolugy  of  Middleton  Island,  Alaika:  BnlL  Q(*L 
LSoc.  Am.,  vol.  4.  1802,  pp.  427-431. 
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up  lower  courses  of  most  other  stivaais  which  enter  Controller  Bay, 
Inese  unconsolidated  depositii,  na  unknown  uniouut  of  which  are  of 
flu  vi  at  lie  origin,  are  known  to  have  a  thicknewss  of  over  580  feet  at  one 
point  on  Hcring  River,  and  *yf  over  t^80  ftM^t  in  the  Kiitalhi  Valley, 

The  beat'hes,  bars,  and  islands,  which  the  ocean  wavers  are  building 
a  Ion  ijf  these  shores,  ai'e  conipOised  largely  of  i^worked  fluviatile  and 
glacial  material^  and  are  in  part  cont^smporaneous  with  the  stream 
depositjs.  Good  examples  of  these  ai'e;  Okalee  Spit,  all  of  Kanak 
Island^  the  beach  from  Strawberry  Point  to  Katalla,  Softnk  Bar, 
»nd  the  long  line  of  is  hinds  which  extend  in  line  with  the  last  named 
aei'oss  the  entire  front  of  the  Copper  Delta, 

Not  only  are  these  deposits  building  now  but  they  have  formed  in 
the  past^  and  s»une  of  the  older  ones  are  still  in  existence.  The  beach 
from  Cave  Point  to  Katalla  is  a  broad,  gently  curving  stretch  of  sand, 
concave  toward  the  ocean.  Its  dry  crest  is  covered  with  a  nari-ow  bnt 
dense  gi*owth  of  sprtices.  Behind  it  is  Katalla  Slough,  a  muddy, 
'winding  channel  whose  general  course  is  parallel  to  the  l>each*  An- 
other line  of  spruces,  parallel  to  the  outer  beach,  is  situated  l>ehind 
the  slough.  These  spruces  grow  in  beAch  sand,  and  behind  them  is 
another  swamp  area  containing  a  winding  slough-  A  view  from 
one  of  the  neighboring  hills  reveals  the  fact  that  Katalla  Valley,  for 
a  distance  of  several  mile^  inland,  is  made  up  of  alternating  sandy 
strips  and  muddy  areas;  each  of  the  former  with  a  line  of  spruces, 
each  of  the  latter  with  a  winding  slough  or  a  line  of  small  ponds. 
The  sandy  strips  are  former  beaches,  which  grew  as  the  outer  beach 
at  Katalla  has  grown,  across  the  valley  from  a  rocky  foreland.  The 
trees  are  older  as  one  goes  inland,  and  their  age  (if  the  oldest  of  each 
beach  were  still  there)  would  tell  us  the  age  of  the  beaches.  The 
sloughs  are  more  poorly  preserved  at  a  distance  from  the  coast,  and 
the  distribution  of  trees  is  leas  regular.  This  means  that  sediment 
from  the  river  and  wash  from  the  smaller  streams  are  filling  the 
sloughs  and  spreading  gravel  and  sand  on  the  mud  of  their  banks. 
The  original  trees  are  dead  and  their  descendants  have  spread  out  a 
bit  where  only  grass  grew  at  first.  Farther  inland  the  sloughs  are 
filled  and  the  stream  wash  has  buried  the  beaches.  Perhaps  even 
there  a  line  of  trees  may  mark  one  of  these  old  skirmish  lines  which 
the  land  threw  out  in  its  fight  with  the  ocean. 

DESCRIPTION  OF  r.A:N^D  FORMS. 

ADJACENT    REGIONS. 

The  southern  coast  of  xVlaska  from  the  shores  of  British  Columbia 
to  the  Alaska  Peninsula  lies  on  an  arc,  concave  tow^ard  the  ocean,  hav- 
ing a  radius  of  about  500  miles  and  with  its  center  at  approximately 
longitude  146**  W.,  latitude  53*"  N.  The  contour  of  the  ocean  bottom, 
the  larger  aspect  of  the  trend  of  shore  line,  the^  coastal  YtvovxTv\.«L\w:^^ 
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and  range  after  range  of  interior  mountains  all  lie  approxiniatelv 
parallel  to  this  arc. 

The  coastward  front  of  the  Pacific  Mountain  system  includes  the 
Kenai  Moimtains  on  the  Kenai  Peninsula  and  the  west  shore  of 
Prince  William  Sound,  the  Chugach  Mountains  on  the  north  shore 
of  Prince  William  Sound  and  in  the  vicinity  of  Coj^per  River,  and 
the  Fairweather  Mountains  from  near  Mount  St.  Elias  to  Croe? 
Sound.  These  mountains  rise,  for  the  most  part,  sharply  from  the 
se^i.  They  are  not  cut  through  by  tidal  waterways  between  Cook 
Inlet  and  Cross  Sound,  though  deeply  embayed  at  Prince  William 
Sound  and  Yakutat  Bay.  We.st  of  Copper  River  and  east  of  Icj- 
Point  the  c^oast  is  fiorded,  but  this  condition  does  not  hold  between 
thes(»  |)oints  excei)t  at  Yakutat  and  Lituya  bays.  The  coastal  moun- 
tains are  not  cut  through  by  river  courst»s  between  the  Coppt*r  and 
the  Als(»k.  It  is  significant  that  east  and  west  of  these  two  rivers 
the  mountains  approach  closely  to  the  si»a  and  the  coast  is  fiorded. 
Between  these  rivers  the  mountains  lie  farther  inland  and  the  fionls 
are  absent  (ex(*ept  at  Yakutat  Bay).  In  this  interval  the  I'cgion  be- 
tween the  mountains  and  the  sea  includes  mountains  of  less  relief 
than  the  main  range,  and  is  made  up  of  rocks  which  are  younger,  in 
giMieral  Icks  closely  folded,  and  always  less  indurated  and  altei-ed. 

The  high  mountains  from  Copper  River  to  Cross  Sound  are  the 
gathering  ground  for  the  greatest  system  of  low-altitude,  low-latitude 
glaciers  in  the  world.  These  glaciei*s  pour  out  toward  the  sea  from 
(»verv  gap  and  pass  l)otween  Coi)pcr  River  and  Cross  Sound.  Thev 
have  overflooded  the  coastal  hills  and  lowland^  and  have  formed  a 
s(»ries  of  broad,  llat-t()pi)ed,  stagnant,  piedmont  glaciers,  of  whicli 
the  Malaspina  haH  long  Ikhmi  regarded  as  a  unique  type,  but  which 
has  coni[)anions  rivaling  it  in  siy.e  in  (irand  Plateau  (jlacier  to  the 
east  and  Bering  (Jlacier  to  the  west. 

At  the  western  extremity  of  tlie  coastal  lowlands  described  above. 
and  just  east  of  Copper  River,  is  Kayak  Island.  West  of  Kayak 
Island  is  Winghain  Island,  and  north  of  ihenj  is  (\Mitroller  Bay. 

SHORE  LINE. 

Kayak  Island  almost  joins  the  mainland  at  its  north  end,  from 
whicli  it  extends  as  a  narrow  rocky  mass  for  20  miles  (mt  to  sea.  Cape 
Suckling  is  a  r(K*ky  pi'omonlory  on  the  maiidand  about  12  miles  east 
of  the  northern  end  of  Kayak  Island.  West  of  it  the  shore  curve!' 
slightly  nortliward  for  about  I  miles,  to  where  Okalee  Spit,  a  low 
strij)  of  sand  about  D  miles  long  and  from  r>()0  to  1^,000  feet  wide, 
reaches  westward,  divitling  the  waters  of  Controller  Bay  from  those 
of  th(»  (M'eaii.  The  >|)it  i^  tlie  prcKJnct  of  the  waves  working  on  debris 
from  tlir  M'awanl  face  of  Bering  (llacier,  and  its  direction  is  that  of 
tlio  })ivvnU\n*r  winds. 
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A.    LOWER  END  OF  BERING  RIVER  CANYON. 


B.     HEADWATERS  OF  BERING  RIVER  AT  THE  UPPER  END  OF  THE  CANYON  AT  THE  SOUTH 
END  OF  CARBON  MOUNTAIN. 


DRAINAGE.  55 


^lind  Okalt*  Spit  the  east  shorp  of  Controller  Bay  exteml^f  north- 
j^est  to  the  mouth  of  Bering  River,  fn  this  interval  it  h  broken  by 
he  mouths  of  many  rivers,  which  are  pouring  out  with  their  water 
ast  quantities  of  mud  and  mml.  This  sediment  m  derived  from  the 
on th west  iiide  of  Bering  Glacier,  and  h  fa^t  extending  the  low 
hores  between  which  it  flows  and  reducing  both  the  area  and  the 
lepth  of  the  bay.  The  noilh  shore  of  Conti^ller  Bay,  between  Ber- 
ng  River  ami  Point  Hey,  is  likewise  honlered  by  muddy  flats. 
ECanak  Island^  which  lies  acro.^  the  west  side  of  the  bay,  opposite  the 
rtiouth  of  Bering  River,  is  composed  of  sinuhir  material, 

Katalla  Bay,  between  Strawberry  Point  and  Whale  Island,  is 
*urdcred  by  a  gently  curving  beach,  which  is  the  outermost  amt  young- 
est of  a  scries  of  txniches  (see  p,  5Ji)  by  which  the  land  has  hen* 
idvaiiced,  reclaiming  the  pi'esent  Katalhi  Valley  from  the  sea, 

Softuk  Bar,  2  miles  northwest  of  Whale  Island,  is  a  long,  narrow 
pit  which  is  similar  to  Olv^alee  Spit  in  size,  shape,  posit ioTi,  and  fh- 
i?^^tion.  It  is  situated  at  the  eastern  end  of  a  long  line  of  low,  sandy 
tlunds  which  extend  across  the  entire  front  of  the  Cop}x^r  Delta, 

DRAINAGE. 
KIVKKS. 

The  streams  of  the  Cotit roller  Bay  i-egion  have  tlieir  supply  in  part 
^om  hx^al  rainfall  and  in  part  from  the  glaciers  which  have  invaded 
le  region  and  which  melt  away  on  its  bordeis,  Tlie  j^upply  frofu 
oth  sources  is  large.  The  rainfall,  as  was  shown  above  (pp.  17-19), 
^obably  exceeds  150  inches  a  year,  while  the  glaciers  contribute  the 
I'ecipitation  of  many  hundred  square  miles.  The  streams  are  conse- 
Uently  large  in  proportion  to  their  length  and  drainage  area,  and 
^^  all  subject  to  severe  floods. 

The  greater  part  of  the  region  lies  in  the  valley  of  Bering  River, 
f'his  stream  has  its  source  on  the  margin  of  Bering  Glacier  (PI.  VII, 
0  in  the  northeast  part  of  the  area  covered  by  the  map.  It  flows 
^Uthwest  for  about  12  miles  until  it  approaches  Bering  Lake,  wdiere 
^  spreads  into  a  broad  delta.  Part  of  the  water  passes  directly 
'trough  the  southeast  corner  of  the  delta  without  entering  the  lake. 
*he  other  part  enters  the  lake  through  many  channels  along  its 
^^stern  margin^  then  turns  directly  back  along  the  south  shore  of 
[he  lake  and  joins  the  streams  which  cut  past  the  lake  without  enter- 
^^g  it.  The  reunited  waters  then  flow  south  for  about  8  miles  and 
*Jiter  the  northeast  corner  of  Controller  Bay.  The  lower  course  of 
"Bering  River  is  tidal,  the  water  of  Bering  l^ake  rising  and  falling 
from  1  to  3  feet,  and  the  currents  running  in  and  out  at  from  3  to  5 
^iles  per  hour.  Above  Bering  Lake  the  river  is  nontidal  and  has  a 
trong  current  of  from  3  miles  per  hour  in  the  vicinity  of  the  delta 
0  6  to  10  miles  per  hour  in  the  upper  part. 
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The  tributaries  of  Bering  River  above  the  lake  include  Ganyoo 
Creek,  which  has  its  source  on  the  southern  margin  of  Martin  River 
Glacier;  Stillwater  Creek,  which  drains  Lake  Kushtaka  and  re- 
ceives a  large  part  of  its  supply  from  the  Kushtaka  Olacier;  and 
Shepherd  Creek,  which  drains  Lake  Charlotte  and  several  other  small 
lakes  on  the  margin  of  the  Martin  River  Olacier.  The  chief  tribn- 
taries  below  the  lake  are  Ghindil  and  Nichawak  rivers,  which  drain 
parts  of  the  margin  of  Bering  Glacier. 

The  other  streams  include  Campbell  and  Edwardes  rivers,  whidi 
rise  on  the  southwest  margin  of  Bering  Glacier  and  enter  the  east 
shore  of  Controller  Bay;  Katalla  River  which  rises. in  the  hills  west 
of  Bering  Lake  and  flows  into  Katalla  Bay,  and  several  of  the  head* 
water  tributaries  of  Martin  River.  The  latter  rises  on  the  westan 
margin  of  Martin  River  Glacier  and  in  Tokun  Lake,  and  flows  west 
until  it  reaches  the  eastern  edge  of  the  Copper  Delta.  The  watm 
divide  here,  part  entering  Copper  River,  and  part  flowing  along  the 
edge  of  the  mountains  close  to  the  delta  and  entering  the  tidal  sloni^ 
behind .  Softuk  Bar. 

IJiKES. 

Bering  Ijake  is  a  former  arm  of  Controller  Bay  which  has  been 
cut  off  from  the  bay  by  the  growth  of  the  deltas  of  Bering  River 
and  its  lower  tributaries. 

CharIotte,and*Kushtaka  lakes  have  dams,  composed  of  the  terminal 
moraine  of  a  former  glacial  expansion,  across  their  southern  ends. 
The  former  drains  out  through  a  breach  in  the  dam,  the  latter  at  a 
point  near  the  other  end  of  the  lake,  either  over  a  sapped  col  or 
over  a  lateral  wall  of  moraine. 

Lake  Tokun  was  formed  as  a  marginal  lake  on  the  former  expan: 
sion  of  the  Martin^  River  Glacier.  The  lateral  moraine  deposited 
across  the  end  of  the  lake  during  this  expansion  still  holds  the 
waters  of  the  lake. 

A  series  of  lakes  along  the  southern  side  of  Martin  River  are  of  ^ 
considerable  interest,  because  they  are  still  in  process  of  formation. 
Martin  River  is  a  heavily  loaded  stream  and  is  building  flood  plain^= 
along  its  course.  Tt  is  carrying  and  depositing  more  sediment  than 
its  nonglacial  tributaries  and  is  building  up  its  flood  plain  across 
the  mouths  of  these  tributaries.  The  result  is  to  pond  each  clear- 
water  tributary  and  to  form  a  lake  in  the  lower  part  of  its  valley. 
The  i)resent  growth  of  these  lakes  is  shown  l>oth  by  the  continuation 
of  the  processes  which  caused  them  and  by  the  fact  that  they  have 
no  beaches  and  that  tlie  forests  on  their  margins  are  being  submerged 
and  killed  by  the  rising  waters.  A  similar  lake  is  now  in  the  initial 
stage  of  formation  at  the  mouth  of  Shepherd  Creek.  Other  lakes 
intimately  associated  with  the  glaciei*s  are  discussed  on  pages  47,  49 
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RELIEF. 
DISTEIBtTTlON  OF  TIfE  HILLS. 

he  shores  of  Controller  Bay  include  broad  areas  of  marshes  in 
ih  are  island -like  massei^  of  hilli^,  many  of  which  have  a  northeast- 
hwest  trend  liktr  Kayak  Island.  Together  they  constitute  a  gro.ip 
I  the  same  general  trend,  which  rises  gradually  toward  the  north- 
nntil  it  merges  wnth  the  higher  tnoimtains  farther  inland.  These 
I  thus  constitute  a  spur  which,  extending  south w^ei^t  from  the  high 
ntains  far  toward  the  continental  shelf ,  has  turned  aside  the 
iers  coining  from  the  mountains,  so  that  its  landward  parts,  wnth 
recesses  l>etw(.^n  its  members,  are  bare  of  ice,  though  on  the  very 
J  of  the  Bering  Glacier,  Its  seaward  parts  give  some  protection 
1  the  ocean  and  make  a  slight  break  in  the  strip  of  unprotected 
t  which  in  general  marks  the  ghicier-covered  lands  east  of  it. 
be  Chugach  Mountains,  although  they  have  the  appearance  of 
nge  with  an  east  and  west  axis  and  are  bordei*ed  both  on  the 
h  and  south  by  straight  east  and  west  lines,  and  composed,  Ux^^lly 
ast,  of  minor  ranges  which  exttuid  in  a  northeast- south  west  direc- 
,  This  feature  is  well  shown  on  the  reconnaissance  map  (Pi,  I) 
in  PL  IV,  *l  (p*  !(>}*  Some  of  the  smaller  ranges  in  the  vicinity 
lount  St,  Elias  (see  PL  I)  have  a  similar  trend. 
lie  region  is  about  half  billy  and  half  lowland.  The  lowlands  arp 
and  swampy  and  rise  but  a  few  feet  above  tide.  The  hills  are  in 
iral  less  than  2,000  feet  high,  but  reach  a  maximum  of  about  4,000 
in  the  northeast  corner  of  the  region.  They  include  a  range 
nding  throughout  the  region  from  northeast  to  southwest  and 
ral  detached  areas;  two  of  the  latter  are  in  the  ocean  and  form 
ak  and  Wingham  islands.  The  others,  including  the  Suckling 
s,  the  four  detached  masses  of  hills  in  the  Nichawak  region,  and 
peninsula  south  of  Bering  Lake,  rise  like  islands  out  of  the 
npy  flats. 

ACCORDANCE  OF  ELEVATIONS. 
CREST  LIKES. 

de  crests  and  summits  of  the  ridges  in  various  parts  of  this  region 
ess  much  diversity  in  altitude,  yet  close  observation  shows  that 
elevations  are  grouped  within  certain  bounds,  that  there  are  more 
;ss  definite  heights  to  which  certain  groups  of  hills  rise,  and  that 
een  these  elevations  steep  slopes  are  found,  but  seldom  hilltops 
almost  never  groups  of  hilltops  or  ridges  with  anything  like 
orm  altitudes. 
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The  general  or  average  elevations  of  the  ridges  or  groaps  of  hiOs 
which  possess  such  uniformity  are  shown  in  the  following  table: 
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The  highest  summits  in  this  region  are  on  the  northern  aid  of 
Carbon  Mountain,  in  the  extreme  northeast  end  of  the  area  covered  bj 
the  map,  where  a  small  group  of  peaks  attains  altitudes  of  from 
3,800  to  4,150  feet,  and  large  adjacent  areas  (not  diown  on  the  map) 
are  even  higher.  The  crest  of  Carbon  Mountain  from  this  gnmp  of 
peaks  westward  along  the  southern  margin  of  Slope  Glacier  holds  t 
general  uniform  altitude  with  the  summits  ranging  from  3,460  fert 
to  3,600  feet,  averaging  3,550  feet;  the  cols  from  3,800  feet  to  3,500 
feet,  averaging  3,450  feet ;  and  the  general  crest  line  averaging  3,500 
feet.  The  ridge  then  drops  sharply  to  a  lower  level  almost  2,000 
feet  below. 

Nothing  like  this  higher  level  is  attained  elsewhere  in  the  region, 
although  a  few  peaks  on  Ragged  Mountain  have  elevations  of  about 
3,300  feet,  and  similar  elevations  may  be  found  in  some  of  the  peaks 
along  the  southern  flank  of  the  Chugach  Mountains. 

The  next  lower  general  level  is  slightly  above  3,000  feet  and  is  seen 
in  the  serrated  top  of  Ragged  Mountain,  which  holds  tjiis  general 
elevation  for  about  (>  miles  of  linear  crest  until  it  approaches,  at  the 
south  end,  within  3  miles  of  the  sea.  It  then  drops  sharply  in  three 
steps  to  general  elevations  of  about  2,450  feet,  2,100  feet,  and  13O0 
feet. 

The  2,400-foat  level  may  be  seen  in  the  central  part  of  the  ridge 
west  of  Shepherd  Creek,  in  the  Iiigher  crests  and  smnmits  of  Char- 
lotte and  CarlK)n  ridges,  and  possibly  in  Cunningham  Ridge  (al- 
though in  the  latter  case  two  peaks,  Monument  Mountain  and  Mount 
Chezum,  reach  elevations  of  2,()50  and  2,850  feet,  respectively ),  and  in 
some  of  the  lower  spurs  of  Carbon  Mountain. 

A  very  distinct  level  at  about  2,100  feet  is  re^presented  in  the 
northern  end  of  the  ridge  l)etween  Clear  and  Canyon  creeks,  in  the 
ridge  west  of  Shepherd  Creek  (except  north  of  the  Tokun-Charlotte 
pass  and  in  the  central  gi'oup  of  high  peaks  discussed  above),  in  the 
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rest  of  B(*ring  Lakt*,  on  the  Iti^^lior  ridges  south  of  Bering 
n  parhK  of  R tigged  Mountiiifi^;  am]  in  many  of  tlie  lower  Hpurs 
ges  along  the  i^outhern  front  of  the  Chugach  Mountains  (see 

Ay  p*  Ifi)-  This  is,  in  its  wide  distribntion  and  in  the  nsital 
ion  of  its  development,  perhaps  the  most  striking  level  at 
int  summits  in  the  entire  region, 

'00  to  l,SOO-foot  level  is  reaehed  by  many  of  the  peaks  on  the 
n  end  of  Carbon  Mountain,  by  I  he  southern  eml  of  the  ridge 
'  Canyon  Ci'eek,  by  the  ridges  between  lakes  Charlotte  and 

and  by  the  ridge  east  of  Katalla  River. 

ft  levels  at  1,200  feet,  at  800  feet,  and  at  500  feel  ai-e  held  liy 
f  the  lower  ridges^  especially  those  near  the  coast. 

TEREAGES  AND  BENOHES. 

hillsides  in  all  parts  of  the  region  have  lieen  cut  into  benches 
Taees.  some  being  broad  and  flat,  and  otliers  being  narn>w 
,  small  flat  areas  on  the  spurs  of  the  hills,  or  lijcally  widened  or 
gi'aded  places  along  the  streams.  The  Ivetter  de% eloped  of 
matures  can  be  folh>wed  at  a  ctmstant  level  for  considerable 
es  along  the  hillsides^  but  some  are  of  hx*al  extent  and  perhaps 
ij  to  others  at  somewhat  greater  or  less  elevation.  Tlie  altl- 
f  the  l)enches  in  the  several  vallevs  are  sliown  in  the  followinfj 
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/  of  the  divides  are  broad  and  flat  and  have  lakes  and  meander- 
inage  upon  them,  this  condition  being  well  illustrated  between 
'reek  and  Lake  Tokun  and  between  Lake  Tokun  and  Lake 
tte.  The  divides  there  stand  at  very  distinct  terrace  levels. 
1  existing  lakes,  the  Dick  Creek-Tokun  Lake  divide  possesses 
ther  interesting  feature  of  a  drained  lake  bed  with  the  beaches 
ustrijie  silts  which  were  formed  wdiile  the  lake  was  there.  The 
^e  of  the  lake  was  probably  caused  by  piracy  of  the  creeks 
ry  to  Tokun  Lake. 
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BIOVIFiaAHGS  OF  0RS8T  AVD  BSHCH  LEVELS. 

It  may  be  seen  that  these  elevations  accord  approximately  with 
those  of  some  of  the  ridges.  The  levels  of  the  benches,  like  those  of 
the  ridges,  are  in  part  independent  of  the  character  and  attitude  of 
the  rock.  They  are,  consequently,  to  be  interpreted  as  due  to  past 
erosional  conditions,  which  were  determined  by  different  positions  of 
base-level  from  those  existing  now.  They  show  that,  subsequent  to 
the  indurating  and  folding  of  the  rocks,  erosion  progressed  so  far 
that  topographic  conditions  approached  or  attained  those  of  a  pene- 
plain. It  can  not  be  assumed,  however,  that  each  of  these  levels  rep- 
resents a  peneplain,  nor  can  it  be  assumed  that  any  definite  level 
represents  one.  The  number  of  the  approximate  levels  shows  that 
the  history  of  denudation  has  been  complex,  but  the  age  of  the  rocks 
shows  that  the  length  of  time  in  which  it  was  accomplished  was  verA' 
shorty  and  it  may  well  be  that  at  no  time  has  the  topographic  relief 
approached  closely  to  maturity.  Repeated  cuttings  of  straths  and 
coKstal  benches,  after  each  of  which  the  land  rose  a  little,  might  easily 
produce  such  features  as  now  exist.  On  the  other  hand^  it  may.  be 
th«t  the  higher  levels  were  produced  by  complete  peneplanation, 
while  the  lower  ones  each  represent  a  less  complete  reduction  after 
a  renewal  of  uplift ;  or  that  one  of  the  intermediate  levels  repre- 
sents a  dissected  peneplain,  with  the  higher  elevations  as  unreduced 
residuals.  However  this  may  be,  it  is  certain  that  the  region  has  been 
nearer  to  a  condition  of  topographic  maturity  in  the  past  than  it  is 
now. 

The  present  land  forms  were  produced  by  the  uplift  and  erosion 
of  those  older  surfaces  without  known  warping.  The  older  surface^ 
extend  over  and  through  this  region  in  levels  or  in  steps,  and  not  in 
curves.  The  surfaces  extend  northward  until  they  run  into  the  south- 
ern front  of  the  Chugach  Mountains.  This  shows  that  they  aiv 
younger  than  the  high  mountains,  unless  a  recent  fault  or  very  abrupt 
flexure  marks  the  very  edge  of  the  ran<re.  The  hitter  possibility  is 
contradicted  by  the  fact  that  there  is  little  accordance  of  summits 
and  that  no  flat  areas  appear  on  the  crest  of  this  part  of  the  Chugach 
Mountains.  The  foothills  have,  conse(iuently,  a  history  somewhat 
different  from  the  high  range,  and  have  been  reduced  to  levels  which 
did  not  cut  far  back  from  shore. 

VALLKYS. 

The  presence  of  the  broad  alluvium-filled  valleys  which  extend 
throughout  most  of  the  region  is  one  of  its  most  striking  physio- 
graphic features.  These  valleys  are  very  broad  in  proportion  to  the 
size  of  the  streams  occupying  them,  and  suggest  at  once  that  they  an? 
deeply  filled  and  were  produced  when  the  land  stood  much  higher 
tluiii  no^v.     lliis  is  confirmed  bv  the  fact  that  a  drill  hole  on  the 
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euM  f?horr  of  Bering  River  opposite  the  lower  islantl  and  ii  not  her  on 
Kalalla  River  went  to  depths  of  580  feet  and  280  feet,  respectively, 
Without  reaching  bed  rock>  Further  evidence  concerning  the  former 
position  tjf  the  >^now  line  (p,  50)  Riiggesits  that  the  valieyrf  were  fut 
when  the  land  stoo<J  tibout  1,000  feet  higher  than  at  present.     In  this 

^m  the  rock  floor  in  the  conters  of  the  valleys  and  at  their  lower  ends 
ould  be  almost  1,000  feet  below  sea  level 

Many  of  the  smaller  streams  have  their  headwater  oouii^s  down 
to  alx)ut  1,000  feet  above  sea  level  in  glacial  cirques.  The  problem 
which  these  present  will  be  discussed  later.  The  lower  courses  of 
these  streams  from  an  elevation  of  alK)ut  1,000  feet  down  to  the  edge 
of  the  alluvial  flats  are  usually  in  box  canyons*  The  descent  from 
tlie  cirques"  or  terraces  into  the  lower  canyons  is  usually  in  one  or 
jiiun»  waterfalls. 
I  nisTOBicATj  €;eol,oc;y. 

The  earliest  geological  event  of  which  there  is  a  definite  record  in 
this  region  was  the  deposition  of  the  material  which  now  constitutes 
the  slate,  gi'aywacke,  and  aasociated  rocks  on  Wingham  Island  and 
Bagged  Mountain.  This  material  was  derived  from  the  destruction 
(of  other  rocks  of  unknown  character.  The  date  of  deposition  is  also 
aomewhat  uncertain^  but  the  weight  of  evidence  indicates  (see  p.  27) 
jiQiEt  it  was  toward  the  end  of  the  Paleozoic  era*  Thef^  rocks  were 
deposited  in  the  sea,  for  they  contain  marine  fossils.  The  fineness 
of  much  of  the  material  shows  that  the  shore  was  at  times  distant. 
The  presence  of  volcanic  material,  some  of  which  is  probably  inter- 
bedded  with  the  other  rocks,  indicates  that  land  may  have  been  near 
at  other  times,  and  that  there  were  volcanic  vents,  either  continental, 
insular,  or  submarine,  which  probably  were  not  far  away. 

These  deposits  were  elevated,  consolidated,  folded,  and  metamor- 
phosed at  a  date  or  dates  concerning  which  there  is  little  evidence. 
Similar  and  probably  contemporaneous  rocks  in  other  regions  in  this 
part  of  Alaska  are  known  to  have  been  folded  and  metamorphosed 
prior  to  Upper  Triassic  time.  Igneous  material  has  been  introduced 
into  these  rocks,  but  there  is  no  evidence  as  to  the  date  of  the  intru- 
sion. It  may  have  been  soon  after  the  deposition  or  not  until  long 
after  the  main  folding. 

No  record  of  the  Mesozoic,  unless  it  be  in  the  slaty  rocks  referretl 
to  above,  has  been  preserved  in  this  region.  Tlie  evidence  from  other 
provinces,  barring  the  possibility  ^  of  the  slaty  rocks  on  the  coast  from 
Yakutat  to  Kodiak  being  Mesozoic,  indicates  that  much  of  the  area  of 
the  Chugach  Mountains  and  probably  of  their  extension  through  the 
teuthem  part  of  Kenai  Peninsula  and  through  Afognak  and  Kodiak 
Islands  may  have  been  land  during  Mesozoic  time.    Triassic  seas 

•  See  discussion  of  the  age  of  these  rocks  on  p.  27. 
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eztandfid  throu^  put  of  the  n^giim  noitli  of  Qutma  Biver  and  in  tie 
Cook  Inlet  and  Alaska  Peninsula  r^on.  A  period  of  folding  ud 
probably  of  monntain  building  came  at  or  somewhat  after  the 
of  Triaseic  time.  Deposition  was  apparently  somewhat 
during  the  Lower  Jurassic,  for  sediments  of  that  age  are  kiMiwn  only 
fnnn  Cook  Inlet  and  the  Alaska  Peninsula.  The  sea  probably  corned 
latger  areas  in  the  lllddle  Jurassic,  when  deposits  were  laid  down  in 
the  present  •position  of  the  Alaska  Bange,  the  MatannAa  Valkj, 
Code  Inlet,  and  the  Alaska  Peninsula.  Upper  Jurassic  seas  widoied 
stiU  more,  for  deposits  of  that  age  are  known  throogfaout  modi 
of  southeastern  Alaska,  the  valleys  of  Copper  and  Matanndn 
rivers.  Cook  Inlet^  the  Alaska  Peninsula,  and  the  Ynkna  Valley.* 
The  post-Triassic  unconformity  and  period  of  folding  may  have 
lasted  until  the  beginning  of  Upper  Jurassic  time,  for  the  evidence  of 
the  unconformity  is  seen  in  the  relation  of  Upper  Jurassic  to  Uj^ 
Triassic  rocks. 

The  great  Mesozoic  granitic  intrusions,  which  begm  after  the  dose 
of  the  Triassic,  were  probably  over  in  at  least  part  of  Alaska  before 
the  beginning  of  the  Upper  Jurassic,  though  they  extend  in  other  dis- 
tricts into  the  Cretaceous.  In  the  Cook  Inlet  region  the  granitic  in- 
trusions do  not  cut  rocks  younger  than  the  Triassic,  the  Jurassic  in- 
trusions and  flows  being  of  andesite,  and  the  Tertiary  and  post- 
Tertiary  intrusion  of  andesite  and  basalt.  Lower  Cretaceous  sedi- 
mentation took  place  in  widely  scattered  provinces  and  apparently 
over  broader  areas,  especially  in  the  northern  part  of  Alaska,  than 
were  covered  by  the  Middle  tind  Upper  Jurassic  seas.  The  Upper 
Cretaceous  l)eds  of  Alaska  are  restricted,  so  far  as  we  now  know,  to 
points  on  the  Alaska  Peninsula,  on  the  Yukon,  and  possibly  on  the 
Anaktuvuk  in  northern  Alaska.  The  lands  were  apparently  grow- 
ing and  the  seas  narrowing  after  the  close  of  Lower  Cretaceous  time. 

None  of  the  deposits  of  these  Mesozoic  epochs  have  been  recognized 
in  the  Controller  Bay  region,  or  elsewhere  on  the  Pacific  coast'  be- 
tween C(M)k  Inlet  and  the  Alexander  Archipelago.  This  entire 
region  may  have  l)een  land  during  all  of  Mesozoic  time,  or  it  may  be 
that  erosion  has  removed  the  deposits.  The  possibility  of  Jurassic 
and  other  Mesozoic  rocks  underlying  the  Tertiary  rocks  of  this  region 
is  discussed  elsewhere.     (See  pp.  115-11().) 

Areas  of  Tertiaiy  r<K*ks  are  widely  scattered  throughout  all  parts 
of  Alaska,  but  the  character  of  the  deposits  and  other  evidence,  both 
physiographic  and  palecmtologic,  shows  that  these  beds  were  laid 
down  for  the  most  part  in  or  near  estuaries  and  to  some  extent  along 
rivers.  The  ocean  extended  over  very  little  of  what  is  now  Alaska 
during  Tertiary  time.     Large  areas  in  many  parts  of  Alaska  were 

"  JtiraHBlc  rocks  are  known  also  at  Cape  Lisbume,  but  their  exact  stratlgrapbio  posltloB 
lu  uncertain. 
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cp06eil  to  Inng-coiitiiiiml  erosion  and  were  redueeil  at  lea*^t  to  a 
>n-moitntan]ou.s  contUtion  befoi^  the  middle  of  the  Tertiary.  Peiie- 
ains  or  at  least  broad  areas  of  fairly  low  relief  were  developed. 
The  Tertiary  deposit.s  {>f  Alaska  are  of  four  types:  The  marine 
ocerie^  the  Tertiary  coal -Waring  rocks,*^  the  inariiie  Miocene,  and 
,6  marine  Pliocene. 

Marine  Eocene^  dep<JsitK  are  kiiowii  only  at  Rtepovak  Bay**  on  thp 
laska  Peninsiihi,  where  they  consi.st  of  terrestrial  and  volcanic  detri- 
IS  deposited  in  the  sea  and  carrying  marine  fossils.  They  show  that 
Le  ocean  covered  part  of  the  iUaska  Peninsula  in  Middle  Eocene 
me  and  that  volcanic  agencies?  were  active.  Most  of  Alaska  was 
^tibtless  land. 

The  Tertiary  coal4H*aring  rocks  ctjver  largi^  areas  in  many  purls  ^ 
^  Ala.ska.  Tliey  are  known  in  southeastern  Alaska,  in  the  vicinity 
■  Mount  St.,  Elias,  on  Bering  River,  in  the  valley  of  Copper  River, 
i  Cook  Tulet,  in  the  Matanuska  and  Susitna  valleys,  on  Kodiak 
land,  on  Alaska  Peninsula  and  the  neighboring  islandsj  throughout 
e  valley  of  the  Yukon  and  its  tributaries,  on  the  coasts  of  Bering 
*a,  and  on  the  rivers  of  the  Arctic  slope.  Xot  all  the  Tertiary  coal- 
baring  rocks  arc  of  the  same  age,  and  the  exact  position  of  most  of 
em  i«  not  very  well  known.  It  is  probable  that  conditions  favorable 
T  the  formation  of  coal  existed  in  one  part  of  Alaska  or  another 
iring  the  greater  i)art  of  Tertiary  time. 

Marine  Miocene  rocks  occur  at  Cape  Yaktag,  Controller  Bay,  the 
lumagin  Islands,  and  other  scattered  places.  They  imlicatc  that 
iocene  waters  did  not  cover  broad  areas  in  Alaska,  but  were 
stricted  to  narrow  arms  of  the  sea. 

Marine  Pliocene  rocks  are  apparently  of  very  limited  extent,  the 
ost  important  areas  being  at  Lituya  Bay  and  on  the  Arctic  slope. 
Returning  to  the  interpretation  of  the  local  section,  we  find  that 
arine  conditions  existed  during  much  of  the  deposition  of  the 
atalla  formation.  The  Stillwater  formation  was  laid  down  partly 
the  sea  and  probably  in  part  in  brackish  or  fresh  water.  The 
ushtaka  formation  represents  fresh-water  conditions,  probably  in  a 
allow  estuary  or  on  a  river.  The  transition  from  the  Kushtaka  to 
e  Tokun  formation  represents  the  return  of  marine  conditions, 
'obably  without  unconformity.  There  is  no  evidence  as  to  whether 
e  upper  part  of  the  Tokun  fonnation  represents  marine  or  fresh- 
ater  conditions.    These  four  formations  represent  the  local  Tertiary 

•  This  term  includes  rocks  of  consldorabk'  diversity  of  age,  the  exact  position  of  some 
which  has  not  been  determined. 

►  Palache,  Charles,  Geology  about  Chichagof  Cove,  Stepovak  Bay  :  Ilarriman  -Alaska  Ex- 
lition,  vol.  4,  1902,  pp.  G0-8S. 

•  Martin,  A.  C,  The  Alaska  coal  fields  :  Bull.  U.  S.  Geol.  Survey  No.  314,  1907,  pp. 
-44.  Brooks,  Alfred  H..  Geography  and  geology  of  Alaska,  Prof.  Paper  U.  S.  Geol. 
•▼ey  No.  45,  1906,  pp.  237-244. 
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sedimentation,  and  were  probably  all  laid  down  during  Oligooeni 
and  Miocene  time.     (See  pp.  87-41.) 

The  folding  of  all  these  rocks  took  place  in  very  late  Tertiaiy  tim 
or  in  post-Tertiary  time,  and  was  probibly  aocompanied  by  the  intra- 
sion  of  small  dikes  and  sills  of  diabase  and  basalL  It  has  been  sog- 
gested  above  (see  p.  45)  that  this  folding  may  have  taken  place  in  or 
on  the  border  of  the  Chugach  Mountains  and  was  followed  fay  the 
southward  overthrusting  of  the  vast  mass  of  rocks  to  their  preaeit 
position  on  the  ocean  shore.  The  folding  was  accompanied  of  dosdy 
followed  by  uplift,  which  has  probably  continued  intermittently  nntfl 
recent  time.  Orogenic  movements  are  known  to  be  still  in  i»nognB 
along  the  western  base  of  the  Chugach  Mountains  on  Takntat  Bay,' 
although  none  so  recent  have  been  detected  at  Controller  Bay. 

The  uplift  of  the  region  has  been  accompanied  by  vigorous  erosBOO. 
Several  halts  in  the  downcutting  are  recorded  in  the  existing  topo- 
graphic forms.  Each  of  the  levels  of  accordant  summits  and  hillside 
benches  represents  a  time  when  the  uplifting  ceased  and  erosion  re- 
duced considerable  areas  to  near  base-leveL  Such  periods  ezisled 
when  the  land  stood  about  3,500,  3,000,  2,460,  2,000  to  2400,  1,760  to 
1,850, 1,450  to  1,500, 1,200  to  1,250,  950  to  IfiSO,  760  to  800,  and  600  to 
600  feet  lower  than  at  present  At  some  of  these  times  {he  halt  wii 
of  short  duration  and  the  streams  merely  widened  their  valleys  a  bit 
At  other  times,  as  when  the  land  stood  2,000  or  2,100  feet  lower  than 
now,  the  halt  was  long,  and  the  greater  part  of  the  area  of  soft  rods 
was  reduced  to  an  even  plain.  The  uplifting  was  then  resumed  and 
the  rivers  trenched  the  plain,  destroying  much  of  it,  and  sinking  their 
channels  deeper  until  the  next  halt  in  the  uplift  enabled  them  to 
widen  their  valleys  again  and  produce  new  plains  and  terraces. 

The  upward  movement  thus  continued  intermittently  until  the  land 
stood  at  least  600  feet  and  probably  at  least  1,000  feet  higher  than  at 
present,  when  the  now  submerged  and  alluvium-filled  valleys  were 
cut.  The  succeeding  movement  was  a  depression  of  the  land  to  near 
its  present  level. 

At  an  unknown  time  during  the  Quaternary  a  movement  along « 
fault  on  Winghani  Island  resulted  in  the  elevation  of  a  small  body 
of  unconsolidated  marine  sediments  to  a  maximum  height  of  about 
100  feet  above  sea  level.  There  was  no  general  uplift  at  this  time,  and 
similar  local  movements  are  not  known  to  have  taken  place  in  other 
parts  of  the  Controller  Bay  region. 

Glaciers  invaded  the  region  at  an  undetermined  time  and  probably 
attained  their  maximum  extent  when  the  land  stood  about  1,000  M 
higher  than  at  present.  This  maximum  extension  repi^esents  a  surpris- 
ingly small  increase  over  the  present  development  of  the  glaciers 


•  Tarr,  R.  8.,  and  Martin,  Lawrence,  Bull.  Geol.  Soc.  America,  toI.  17,  1904,  pp.  29-^ 
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h(*  n*trPrtt  of  tin*  gbu'ii^i^-  to  I  heir  piesinU  limits  wiis  prolmbly  liruiight 
bcHit  by  the  dt'prnsvsinn  of  the  land  to  itj<  prest»iit  pOi^ition*  The  ghi- 
ler^  iirf  imw  probably  melting  slowly  back,  but  their  reces^sion  hua 
;>robably  not  Ix^en  rapid  for  li  considerabh*  U\nt\  and  reaclvaiiet^s,  stu*h 
ti  that  which  is  now  taking  plact>  in  the  Ma  la  spina  '  and  other  glacieiTa 
in  the  vicinity  of  Yakutat  Hay,  are  poK^ible  at  any  time. 

The  waters  of  Controller  Bay  extended  over  n  larp*  part  of  the  prc^- 
etit  lowland  area  in  very  ret^ent  geologic  tinus  and  one  of  the  latest. 
;«pij^>des  in  the  liistory  of  the  region  ha.s  been  the  tilling  of  this  greater 
rOint roller  Bay  by  deposits  from  the  heavily  loa<ied  glacial  streams. 
It  wat;  this  process  which  transformed  Bering  Lake  from  a  salt-wat*?r 
Ibay  into  a  fresh-water  but  tidal  lake.  This  prexess  is  still  going  on 
with  pi^hably  nndiniinished  activity,  and  is  now  restricting  Bering 
Lake  and  Control Jcr  Bay  to  shallf>wer  depths  and  narrower  areas. 

JtlJNTGRAL    ItKHl>UUCK8, 

COAl* 

ABEAL   EXTENT* 

The  snrface  extent  of  the  Benng  River  coal,  as  known  at  present,  is 
pres^riet^d  to  the  area  ot  ontcro|)  of  the  Kuslitaka  fonnation,  as  n*p- 
jreseiited  on  the  maps  (Pis.  V  an*]  Vlil,  pocket).  The  area  of  such 
lerritory  which  is  believed  to  he  underlain  by  workable  coal  is  given 
below : 

Atu'*iH  utifirrhiitt   htf  i"*t*tU 

Carbon  Mountain,  north  end 25.(5 

Carbon  Mountain,  south  tMul 1.0 


2(J.  6 
Semibituniinous   (with  some  seinianthrurite)  : 

Between  Canyon  Creek  and  Kushtnka  Glacier 8.7 

Kushtaka  Ridge  and  valley  of  Carbon  Creek     ,           __   _  .      _  \\A\ 

Southeast  of  Lake  Charlotte         .     ^                                                       __  .  <J 

Southeast  of  Tokiin  I^ike _  'l.W 

North  shore  of  Bert nj;  I ^ike^         _         _     ^        _  4.7 

LH).  2 

In  addition  to  this,  21.0  square  miles,  divided  as  in  the  following 
table,  is  covered  at  the  surface  by  the  rocks  of  the  Tokun  formation, 
which  overlie  the  coal-bearing  rocks  and  which  are  underhiin  by 
coal  at  a  greater  or  less  depth. 


•  Tnrr,   Ralph   S.,   Socond  oxpodltlon   to   Vakutat  Bay,   Alaska:   Bull.  Geog.   Soc.    Phila- 
delphia. January,  1907,  pp.  1-14. 

2180S— Bull.  :i:^— US 5 
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Area$  covered  at  the  turface  by  the  Tokun  formatUm,  parte  of  foMeft  M«ir  k 

underioin  hy  workable  ooaL 

tlqnanwaOm, 

North  of  Oonningbam  Ridge 4.S 

Between  Lake  Charlotte  and  Kuahtaka  Glacier S.9 

Knshtaka  Ridge,  north  end ,1 

Kushtaka  Ridge,  sonth  end .«_ L« 

Northeast  of  Tokun  Lake 2.8 

South  of  Tokan  Lake - 2.T 

Between  Shepherd  and  Dick  creeks 4.« 

2t6 

Part  of  the  area  of  this  formation  may  contain  workable  ooal,  bat 
the  depth  at  which  such  coal  will  be  found  is  in  most  places  uncer- 
tain, and  in  much  of  the  area  it  is  known  to  be  so  deep  that  the  coal 
can  never  be  mined.  The  southern  end  of  Carbon  Mountain,  colored 
on  the  map  as  ^'  undifferentiated,^  is  reported  to  contain  some  coal, 
but  the  area  in  this  region  is  not  known. 

The  coal  is  known  to  extend  eastward  beyond  the  area  shown  on 
the  map  into  the  high,  glacier-covered  mountains,  but  the  boundaries 
of  this  extension  are  uncertain.  The  value  of  such  coal  is  also  doubt- 
ful because  of  the  complexity  of  the  structure  and  the  difficnttki 
of  transportation.  Coal  has  been  reported  as  far  as  the  vicinity  of 
the  eastern  end  of  Bering  Olacier,  but  the  discovery  has  not  been 
confirmed,  nor  the  amount  and  character  of  the  coal  reported.  No 
coal  has  been  found  west  of  the  area  represented  as  Kushtaka  fo^ 
mation  on  the  map.  There  is,  however,  a  good  possibility  that  areas 
of  coal  exist  in  the  hills  between  Dick  Creek  and  the  north  end  of 
Ragged  Mountain,  and  this  region  oiight»to  be  more  carefully  pros- 
pected. 

STRATKJRAPIIIC  POSITION. 

The  coal  l>eds  are  distributed  throughout  the^entire  thickness  of 
the  Kushtaka  formation.  They  are  also  restricted  to  it,  for  both  the 
overlying  Tokun  and  the  underlying  Stillwater  formation  are 
entirely  barren.  The  position  of  many  of  the  beds  is  indicated  in  the 
stratigraphic  sections  on  pages  32-34. 

UESC  RUCTION  OF  THE  COAL  BEDS. 

The  following  pages  contain  measured  sections  of  all  the  coal  beds  | 
which  were  accessible  either  in  natural  exposures  or  in  prospect ' 
openings  or  tunnels.  The  location  of  the  sections  is  shown  by  the 
numbei's,  which  correspond  to  those  on  the  map  (PI.  VIII,  pocket). 
No  attempt  has  been  made  to  correlate  the  beds,  as  the  complex 
structure,  the  abrupt  changes  in  thickness,  and  the  fact  that  most  of 
the  beds  have  not  been  actually  traced  from  point  to  point,  usually 
makes  this  impossible.  The  sections  are  arranged  in  order  from 
northeast  to  southw^est. 
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of  anthracite  at  the  extreme  cuutern  end  of  the 
eB^ire  for  the  inost  part  M'ell  up  the  mountain  sides  und 
icei?ssibie.  The  following  seams  were  ujeasured  and  were  also 
npled  when  thus  indicated: 

tiion    (tn   creat   of   Carbim    Mountain   2^    mtle§   narth'tiorthwcitt   of   Fourth 

Berg  Lake  {1}* 

Coal  Hmra  und  clean) .-^-^ -— ^  3 

?lion  In   mifvs  u/i  creak  from  Fourth  Berg  Lake;    vleiMthn  1^50  fe^t   (2), 

Dark  sliale  root                                                                             ^"^-  m 

Cfml« ,,_,. _., , , -^  8 

Cfialy  fibale _^_,^-. ,^,»-^ , ^-. 4 

Coal'* ^.-^^__ ^..^ . 11 

Ct>ely  almJe  --. _._--___ -„-_. , S 

Coal* ___^ .__^.. «^^, 8 

2        10 
Strike  N.  76°  W.,  dip  m"  SW. 

cVboiit  a  mile  above  this  on  the  north  side  of  the  valley  and  just 
ow  the  hanging  glacier  a  T-ffX)t  IxmI  of  anthracite  is  reported;  The 
nple  shown  to  the  w^riter  is  very  bright,  hard,  and  not  criishdd 
alL 

Section  in  ffidvk  tit  kvad  of  Second  Bvrg  Lake  (Sj. 

Sandstone  reel  ^^       '^^ 

Coal,  bony 6 

Coal,  hard  and  bright  » , 2        2 

Sandy  shale  floor. 

Strike  N.  85°  W.,  dip  32**  NE. 

The  best  exposures  of  anthracite  seen  by  the  writer  are  in  Carbon 
juntain,  where  the  following  sections  were  measured : 

jtion  in  third    (eastern)   opening  on  hilhidt  trail  on  cast  side  of  Carbon 

Mountain  (J). 
Shale  roof.  Ft.       in: 

Coal 10        G 

Shale  floor. 

Strike  N.  60°  E.,  dip  28"  NW. 

riUjn  on  cast  side  of  Carbon  llouniain,  second  opening  from  west  end  of  hill- 
side trail  (J). 
Shale  roof.  f'eet. 

Coal^   15+ 

Shale  floor. 

Strike  N.  77**  E.,  dip  22°  NW. 


Included  In  sample  No.  2,  p.  84.  "  Included  in  sample  No.  3,  pp.  84-87. 

*■  Included  in  gample  No.  5,  pp.  84-87. 
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It  wa>»  not  p*>Hsililt*  to  lybtHiif  a  cuiiiijlete  meaj^ureitiiuit  tif  lliiw  cmL 
which  IH  n^pcjrteKl  *is  being  ii3  tu  2^^  feet  thick. 

8veiif*n  on  fattt  Hde  of  Vmrbon  Mountain,  find  openinff  fmm  fCt**/  i  «*/  o/  ItUi^ivk 

Ft-       in. 
Cm]''    , ^^     HJ        « 

The  above  tliree  sectionis  lyre  all  probably  on  the  same  seiuiu  whiclj 
the  owners  claim  to  have  followed  along  the  itiountiiin  mi**  for  *^ 
miles,  in  which  distance  they  found  thickness  nmging  from  1»  to  :^ 
feet, 

Al>ont  20()  fe^'t  below  this  is  another  seanu  which  is  HaicI  to  vary  in 
thickness  from  4  to  11  feet.  The  following  Heetion  wah  meamired 
by  the  writer; 

HectUm  of  srnm  JOff  fctt  hfjfow   hiflvMr  frtiH   un   msi   side  uf  VarboR    Ifonfl- 

tain   (7). 
Hliale  root.  Ft.      t&, 

C(Mi(*    ^«___»„„„.- ._ ^,__-„^_      4         8 

SliaJc*  tloor, 

Mtiiki-  K  80*  W.,  dip  :iii'  XE. 

Sevt*ral  other  weamis  are  exposed  lower    down    the    face    of    the 

mountain. 

An  important  and  apparently  very  i>erHistent  seam  is  expo^^et! 
along:  the  west  side  and  near  the  top  qt  Carhon  Mountain.     It  isi 

possibly  the  same  as  the  upper  seam,  referred  to  above,  on  the  eu^t 
side  of  the  mountain.    The  follow^ ing  sections  were  measured : 

Hvctiott  at  north  tad  uf  hitlskii:  trail  on  wmt  aidv  of  Carbon  Mmtatalu  (if). 

Bbale  root.  Fret, 

Coal  *^   (bright,  clean,  aud  often  Irldest^eDt) . 15-*- 

Shale  floor, 

8tr[ke  N\  84'  W.,  dip  25*  NR 

SccfUm  at  south  ettd  of  hitlHidv  trail  on  W0at  side  of  Carhon  Mfninfain  (.^K 

Slinle  rof>f,                                                                                           i\^h. 
(^aH   10 

Shale  floor. 

Strike  N.  52"  E.,  dip  6°  SE. 

The  two  following  sections,  which  are  a  little  farther  south  on  the 
west  side  of  the  same  ridge,  show  a  coal  whicli  has  the  physical  char- 
acteristics of  the  anthracite  at  the  other  openings  in  the  vicinity,  but 
whose  analyses  indicate  a  semianthracite.  From  the  structural  rela- 
tions it  seems  probable  that  one  of  the  seams  corresponds  to  the  lower 
coal  described  from  the  eastern  side  of  the  mountain. 


•  Included  in  sample  No.  6,  pp.  84-87.  ''  Included  in  sample  No.  8,  pp.  84-87. 

^  Included  In  sample  No.  7,  p.  84.  *  Included  In  sample  No.  9,  pp.  84-87. 


COAL.  69 

Sj*v*liOH    III    tiiwniu!;    ttttit'    vrent     (trvfit    ^ide)    uf    Vorbrm    Mttuntaifi    brttccen 

iruiU    HO), 

Hft^tfrm  in  tiprtnnft  ftn  frrf  hvhiw  \ft.  Iff   iU). 

Slmle  TtHit.  Ft.       \u. 

Coal,    iuiptirp    ,,_.,_,.., , j  ,  *? 

Cnni  ^  («iM«i  ma  Until) , __^..-_.  __  .    :;       m 

8bale  Qoof- 

j^trikc  K.  82"^  T-I.  dip  38'  XW, 

Nuniei*nii.s  oulcnipy  i*{  an tli ruche  (mostly  poorly  exposed)  were 
sieen  on  the  bankjs  nt  (*anyon  Creek  for  a  distance  iif  2  or  ^  miles  W- 
low  the  glacien  The  two  following  sections  represent  the  Ijewt  of 
tlieso  aiitcrops: 

CuflT .     _.      .  iV 

^ft'tifift   on    h'lhittiittf   In   rtiiitfmi   Crrvh^  ^m   t'ttnt   xtdf   und   ntTt    h*Uni*    thtnf^H 
4mhiii:  rlf-rntiun,  fiM  frfi   (I}), 

^t      In* 
Coal*'    0        0 

Strike  N.  55**  W..  dip  31''  NE. 

Section  on  same  creek  as  No.  JJJt;  elevation^  J/oO  feet   (/.T). 

Shale  roof.  Feet. 

Coal 3 

Shale  floor. 
"      Strike  N.  (15"   R,  dip  m°  NW. 

i<4'Clinti  on  snwr  errol'  as  \nfi.  I)  ami  /.7.  about  tOO  fret  ahoce  evcel: :    ricration, 

r,>0   fret    (//)). 

Firm  shalo  roof.  Ft.      In. 

CoaM _   * 12         7 

Shale  floor. 

Strike  N.  55°  K.,  dip  MV  NW. 

Section  in  tunnel  on  east  hank  of  Canyon  Creek,  near  Hunt's  cabin,  JH   miles 

a  bo  re  mout/i  of  creek  (17), 
Shale  roof.  Ft.      in. 

CoaK 4         2 

Shale  floor. 

Strike  N.  40**  E.,  dip  (Mr  NW. 


«  Included  In  sample  No.  10,  pp.  84-87.  *"  Included  in  sample  No.  14,  pp.  84-87. 

*  Included  In  sample  No.  11,  pp.  84-87.  ''  Included  in  sample  No.  IG,  pp.  84-87. 

''  Included   In   sample  No.    17,   pp.   84-87. 
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■Section  in  east  hank  of  Canfon  Creek,  2  milet  above  itt  mouth  {18). 

Sandstone  roof.                                                                   Ft     iil 
CJoal ^ 2        9 

Shale  floor. 
Strike  N.  70*  W.,  dip  35*  NE. 

This  bed  is  very  variable  in  thickness  and  pinches  out  higher  in 
the  bluff. 

Section  in  creek  on  wegt  glope  of  Carlnm  Mountain  opposite  the  mouth  r>f 

Canyon  Creek;  elevation,  950  feet  (iP). 

Shale.  *  Ft.      in. 

Coal J 1 

Shale 1 

Coal*  (ranges  from  3  to  21  inches) 1        5   . 

Shale  (ranges  from  1  to  18  Inches) 1 

Ooal«  (ranges  from  14  to  24  inches) 1        2 

Hard  shale  floor. 
Strike  (on  floor)  N.  25**  E.,  dip  53*  NW.  (rariable). 

Section  on  9ame  creek  as  No,  19;  elevation,  900  feet  {20). 

Arkose  roof.  Ft      in. 

CJoal  •  (ranges  from  8  to  22  inches) 1        8 

Arkose  floor. 
Strike  N.  90**  E..  dip  33**  NW. 

At  the  south  end  of  Carbon  Mountain  there  is  a  high  bluff,  where 
Bering  River  was  formerly  pushed  against  the  end  of  the  mountain 
by  Bering  Olacier,  and  here  the  following  section  was  measured: 

Section  at  south  end  of  Carbon  Mountain   (21), 

Feet. 

Sandstone   30 

Coke  1 

Sandstone  aiul  shale  cut  by  diabase  sills 20 

Coke  2 

Diabase  sill 2-(> 

Coke<^    1-5 

Diabase    sill 3 

Coke   1 

Diaba8*»    sill S 

Coke   lJ-21 

Shale    : 120 

Strike  N.  50*  VV.,  dip.  20** -25**  N. 
The  coke  and  sills  at  this  i>oint  are  shown  in  PI.  IX,  B  (p.  92). 

The  valley  of  Clear  Creek  contains  many  good  exposures  of  semi- 
anthracite  and  semibituminous  coal.  The  following  sections  repre- 
sent part  of  the  exjK)surcs  and  openings: 

Section  in  small  tunnel  on  north  bank  of  Clear  Creek;  elevation,  750  feet  {22). 

Shale  roof.  Ft.      in. 

Coal    2        10 

Shale   floor. 

•  Included  in  sample  No.  19,  pp.  84-87.  *  Included  In  sample  No.  20.  pp.  84-87. 

c  Included  In  sample  No.  21,  p.  84. 


^- ^ ^ 
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SwiitMH  in  tunnel  on  nfirth  Itnttk  uf  Cfvtir  Cr*'vk  ncttr  init  uf  falis  itS). 

^hiile    roof.  Feet. 

Coal**    --^^^ ....^_._^_. ^.^ -^_  18 

Bt^tirtn  in  ntt'ifipitttl  ""  tttti'thtrt^xi  hatitc  *tf  f'h'tir  dtuk  ttbftrf  ffttfit  (ii)» 

VeeL 

Svrilfm  in  Mhiittdrtff  Htiuth  ttf  S'tt.  2^  (25)* 

Vm\    ^-,^-_ - --^^ ,^^  ^-.  5t 

iScctton  at  ha«f  of  VI far  Vrrrk  Ftittn  (ie). 

IilnlMiSit*    ^111,  '  Feet 

Coke  <miig^a  froui  6  to  12  loehea).^^......*^ „*^ .,»._^ 1 

Ccwil^ _..__...____.__  _..__-„___.^ -5 

Strike  N.  «5'  R,  dip  4r*"  NW. 

^is  seam  varie^^  considerably  in  thickness  within  short  distances, 
neannrt^merit  at  the  base  of  the  falls  showed  8  feet  2  inches  of  coiil, 
ile  one  at  the  tunnel  a  few  yards  away  gave  a  total  of  about  1(>  feet, 

tUtn  un   iHhuiary  io  Ctettr  Vtrik,  ftratthta  H^mthvuHt  uf  MynH'mttd   Mi^Ufh 

lain,  elevation  l^JiSO  feet  (27).  -  - 

Firm  shale  roof.  Ft-      in- 

Coal    1        4 

Hard  shale 7 

Soft  shale  with  some  coal J        2 

Shale 2        3 

CoaK    3+ 

Sandstone  floor;  fault  at  floor  cuts  off  coal  above  it. 
Strike  (on  roof)  N.  85*^  R,  dip  32''  NW. 

flection  on  Humc  creek  (is  No.  21 ;  ehvation  1,200  feet  (28). 

Firm  shale  roof.                              ^  Ft.       in. 

Coal"    -\ 1       10 

Bone  --  4 

CoaM    11 

Bony  coa  1 7 

Coal*'    3 

Shaly  coal  1 3 

Coal**    3        3 

Shale  horse 5 

Shaly   coai 2 

Coal  1 

Strike  N.  67"  E.,  dip  30"  NW. 

Deluded  in  sample  No.  23,  pp.  84-87.  '"  Included  In  sample  No.  27,  pp.  84-S7. 

ncluded  in  sample  No.  26,  pp.  84-87.  -^  Included  in  sample  No.  28,  pp.  84-87. 


4 

Strffce  K.  flO*  EL.  dip  «r  K. 

TUi  m  (he  loweit  cmI  exposed  oo  Cksr  Craek,  aMioii^  two  lam 
onei  sre  fi^orted  on  A  tiear4ij  trilmtaiy  £ro^  TlwRisi 

phyineil  eridenee  tluit  the  intrufflon  has  attcEed  the  coaL 

tkseikm  im  pnmpect  f^pemimg  am  eresi  of  Hi/ge  Wiweem  Tnmi  mmM  Citmr  rpral 
mmih  of  TrmU  Omp;  rIeimUom  MJS85  feei  {my. 

Vt.      ik 

Male :..,.J, «-     t 

Coftk, - 4 

nala.^ - 4 

Coal -..- - 10 

ttiale--— 1 

Coal-.I 2       4 

Stiale 2 

ntrike  N.  70*  R.  dip  34*  NW. 

BectUm  on  cre$t  of  game  ridge  as  No.  50,  SOO  feei  fmrUter  gmah, 

Sliale,  dark - , — 12 

Cool 12 

Hhale 8 

Hfrlk**  N.  70'  K.,  dip  34*   NW. 

Several  workable  seams  are  exposed  on  Trout  Creek.  The  followir 
HectioiiH,  arranged  in  stratigraphie  order  beginning  with  the  higher 
were  measured : 

Hcriinn  in  funnel  on  Trout  Creek  opposite  house  (33), 
Hhale  roof.  Feet 

CoaM    8 

Shale  tloor. 

Htrike  N.  sri"  W.,  dip  "JS"  NE. 

^eetion  at  errrk  level  heloir  No,  S3  (54). 

Ft.        In. 

Shalt' - 4 

CoaK    - 6         6 

SandHtone .-         5 

Strike  N.  70*'  R,  dip  3.S°  NW. 

Sretinn  in  long  tunnel  one-fourtli  mile  heloir  liouse  on  Trout  Creek  (36). 

Ft.        in. 
(VmL  4  6 

•  lnolutJe<l  iu  iinrapU*  No.  1.M).  pp.  S4-87.  «•  Included  In  sample  No.  33,  pp.  84-^7. 

''  Included  In  sample  No.  .'^4.  p.  84. 


COAL.  ?8 

Section  in  lQn§  iunn^  one- fourth  miie  l^elow  Houmc  on  Trout  Cre^^k  {(^H), 
Shale  rtM>f.  i''**^** 

Strike  X.  65*  E.,  dip  .IS*  NW. 

8ecihn  in  tunnrl  U500  fvt't  bciaw  httuHv  nn  Trmtl  i'tnic  iS7) 

Ark(j«t'  nxif.  f'^^        *"■ 

Curtl . „ .-, T  7 

ArkoiM.*  fltKir. 

Creek:  I'hrntitm  *WS  fvri   {M\, 
Shiik'  roof,  J'wt* 

J^Uulo  floor, 
Strikff  S.  2'  W„  iH|i  24*   8W, 

Btrtitm  tnt  MHtttr  dnthr  itw  3^0,  SH;  virrtititttt  ,i7.T  /rH   i-VJ\, 

rt,      in, 
c<jflL._. .^._ ,^     a        0 

strike  N.  25''  E.,  dip  30**  NW. 
Section  on  sanie  drain  as  Nos.  38  and  39;  elevation  360  feet  ( fO). 

Shale  roof.  i^«^e^- 

Coal . 12+ 

Shale  floor. 

Strike  N.  15**  E.,  dip  27**  NW. 

The  following  sections  are  all  on  the  east  slope  of  Kushtaka  Ridge: 

Section  on  east  side  of  KuMhtaka  Ridf/r.  one-fourth  mile  east  of  U,  H.  L,  M. 

Kayak   \o.   -MW). 


Fpet. 

Shale _____ 

_     _         :{() 

Coal     

__      n 

Coal  and  shnlo         -        _ 

r» 

Shale _ 

10 

Coal -                    -     -       - 

:i 

Shale  floor. 

Strike  N.  .TS°  K..  dl|»  70°  X\V. 

Section  on  cast  side  nf  h'lishtaka   Ridf/r, 

iU'vatiini   t.fi.id  feet    (.',J). 

Shale  roof. 

Ft.           in. 

Bone__             -                         

S 

Coal 

:5         s 

Shale 

1 

Coal 

?*            4 

Bone 

Coal - 

. 1             H 

"  InrliuhMl    ill    suinpi**    N«».    .'iU.    pp.    s4   H7 
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Ft.  in. 

Bone 6 

CJoal - 1 

Shale 4 

Coal _--_ -  11 

Bone ; 2 


I>ark  shale  floor.  12  ft 

Strike  N.  45''  E.,  dli»  08°  NW. 

Beciion  on  Kunhtaka  HidftCy  east  hUU\  1\  mUen  north-narthtreH  of  rahfn:  vlr 

ration  IMO  feci   (.^5). 
Shale  roof..  F^t. 

Coal« 14 

Shale  floor. 

Ftection  on  Knahtaka  Ritlffv,  vnnt  nUlv,  I  mile  north  northwent  of  cnMn;  eleralion 

sr»o  fvct  (in. 
Soft  shale  roof.  Peet. 

Coal*   3 

Soft  shale  floor. 
Strike  X.  77'*  E..  a\v  40°  NW. 

Hertitm  on  ennt  side  of  Kunhtnln  Ridge;  elei'ation,  l^H  feet  (io). 

Ft.       In. 

Coal 12-15 

Shale 

Coal -_-   -_.     _   

Shale 

Bone -_       --        -  .-   - 

Coal -        -       -     -  -_     

Bone --.       -  _     _     .    _ 

Coal  __..     ._    ■--  -     -  -    

Bone  _  _ .   -  -         -  -     -     -  ...    

Coal  __-     --  .  .       

27-3<l         2 
Strike  X.  1>2°  K.,  dip  T^s''  XW. 

f<('ction  in  tunnrl  mi  trniJ  .*,2(f(f  frrt  north  of  Kushtakti  cnhin   ( J(i). 

Shale  roof.  Fi»*t. 

Coal  (pinohlnj:  cmt)-   _     __  ._   lo 

Strike  N.  25''  E.,  dli»  42'  XW. 

Hvctittn  in  lunnrl  on  east  farr  of  hiishtaka  Ifidf/c:  rirvaHon,  790  frrt  (-^S). 

Firm  shale  roof.  t't.       in. 

Coal  ^  somewhat  lumy  and  witli  pyrlte  nodules 14         G 

Hard  shale  floor. 

Strike  N.  05°  E.,  dip  45°  XW. 


1 

2 

6 

2 

r, 

2 

.1 

o 

r> 

(; 

1 

4 

2 

« 

"  Included  In  Knniple  Xo.  4H,  pp.  84-87.  ''  lucludpd  In  sample  No.  44,  pp.  84-87. 

«•  Included  In  samples  Xos.  4^a  and  48h.  pp.  84-87 
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The  following  sections  are  exported  on  the  crest  of  Kushtaka*Ridge^ 
beginning  near  United  States  locating  monument  Kayak  Xo.  4  iind 
I     extending  for  about  one-half  mile  southeast*     The  tstrati graphic  posi- 
tion of  Uie  lx*ds  iH  given  in  the  section  on  pages  32--S4. 

Hn^tifiH  fin  KttMhfnka  UUlgt'  juHt  ht^Jmv  IL  K.  /.,  }f.  Knjfuk:  \th  J,'  *'hvatioHj 

J^fif}  frrf    (}3). 

Slinks  Ft,        in. 

Vimi    .^ , , ^-^^_, .,  2        2 

C*mU  chilly „„ ^ ^__. ^_  1 

Hluii*?  ^_. __^ ^-_^_^^v^^ _^_. _.  9 

Coal ^,. __ „_._ 4        8 

sirike  X,  4ri*  R.  <ni>  *u°  xw. 

B^etifjrt  T^ri  h  ttHhhtktt  IfUtfft  60Q  ftrt  JtouthefUt  of  f.  N,  /.,   1/,  Kayak  Nf>t  4; 

f  7  rvti  tin  n,  ? ,  .1 J  0  fvfj  I   i50f. 

FL       la. 

ShHlo,  rnrhonaceot)^^ ^ , ^--^ . .^^ *^ 

t'oHl    .. .. ^^*-_-_._^ __,^ ^..^ 2        3 

Rhale,  eflr!ioiiiif't»t>UK__ , ,__^,_*,^. ^^^-^,,..^^^„ ,  5 

Strik*^  X.  4.-.^  K.,  dip  ai*  NW- 


1 


BevH*m  f^n  Kuahttika  iU4u**  l^iOO  fert  Mouiheant  uf  (\  H.  I,,  .}L  Knutik  No,  4i 

HeviMiion,  ^JSd  feet  (5/). 

Ft.       Iq. 

Khnle  . ^,^____,__.     ,  ._   _       7 

f'luii        _, „. a 

Shale 6 

Coal 1 6 

Shale 6 

Coal    1 

Shale    2 

Strike  X.  45"  K.  dip  45"  XW. 

Section  on  crest  of  Kushtaka  Ridf/r,  U-^OO  feet  southeast  of  V.  »S.  L.  M.  Kayak 
AV>.  J,;  cJrvation,  J,toO  feet   i')2,) 

rt.        in. 

Sandy   shale 2 

Shale  with  coal  strea ks 2         S 

Coal _     _ s        s 

Soft  shalo  floor __   _     __^   _  1 

Strike  X.  40°  E..  dip  4(r  XW. 

t^vction  on  KuslUaka  Ridge,  J, 700  feet  Moutheast  of  I  .  S.  L.  M.  Knynk,  A  o.   J; 

elevation,  2J00  feet   {53). 

Shale  with  coal  streaks 5 

Coal '. 1 

Shale 1 2 

Coal 5 

Shalo. 
Strike  N.  40°  E.,  dip  45°  XW. 
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Tlie  following  s^t*rtions  ai^  on  the  west  slope  of  Knshtaka  Rut, 

the  V  a  I  ItM*  f  >  f  C  n  r)  m  n  i  *r*.*e  k : 


t^et^Htm  tin  tifiVih  tttitih  n/  lUtih,^  Creek,  near  hrtidwftirrit:  Herat tfsn  t^ 

(51). 

Kt.       tn. 


-I 


Siiaie.— , 

Coal 

Sbale 

Coal 

J 
2 

-  -   -,__          1 

S 
4 

n 

Sbale  .^ 

Strike  N.  18*  B.,  dip  dO""  NW. 

■      r 

Section  of  coal  on  northwest  hank  of  Qfteen  Creek  (55): 


Shale  roof. 

Coal«  -'- 

Shale  (pocket?) 

Coal— — - 
Shale 

Coal* : 


Feet. 

27 
7 
2 

10 

ai 


Shale  floor. 

Strike  N.  64*  B.,  dip  42**  NW. 


77 


Section  of  coal  on  southeast  hank  of  Queen  Creek  i$0)» 


Coal 

Shale 

Coal 

Shale 

Coal 

Shale 

Coal 

Strike  X.  00**  E.,  dip  5S°  SE. 


Ft. 

14 
4 
7 


JO 


Section  an  small  rrrrk  sfHithircHt  nf  Qut'cn  Crerk  (^77 )t. 

Shale  roof. 

Coal __ 

Shale 

Coal 

Shale  with  coal  streaks 

Coal 

Shale 

Coal 

Shale 

Coal 


Ft. 

In. 

1   . 

1 

3 

G 

o 

•"> 

1 

6 

3 

0 

8 

0 

8 

3 

6 

11 

33 


"  iDoluded  in  samples  Nos.  ."iria  and  r»r»b.  pp.  84-87. 
**  Included  in  samples  Nos.  r»r»c  and  55d.  pp.  84-87. 


h. 


COAL.  77 


Svvihti  tin  itmHlJ  vretk  »tmffiwviit  nf  Qnntt  t^rvvk   (58)* 
Shale  HHif,  "   Ft.      Ill, 

C<ifll  __,,_. _.^ ^-^^^ ^^^        4 

Shale ^^ .„__-_. . ,,.-        (J 

Sbale  ._,_-_, ^,^^__ „. ^_^._  _.._        *J        U 

f  -on  1  , _,„»_.^__, 2a 


t 

„ — ^^.- 

^ 

— 

Shulw     

—  -— 

IL 

Ctml  . . 

,^. . — , 

-— _._       10 

32 

£f ^lit/ft  un  Lmper  Vrmk^ 

ttne-iiiitii  mih^ 

'  itbtttt 

Its 

mnuth  i^&h 

C3tMil  *   __„ 

40'  Eh  d!p  75" 

— 

Keet 

Strike  x\. 

KW. 

iQtUin  hi  ififiitttinj/  oh  ttt/rth  »(de  i>f  Cctr^oii  CrfH-  tthtav  thv  tUHmi  and  nt  ttn 
eletitfitm  nf  S^i  frrt  (tfn. 
Shale  roof.  ^^eet. 

Coal    8 

Shale  floor. 

Strike  N.  50°  E.,  dip  45°  NW. 

aection  in  tunmi  on  ftout/i  bank  of  Carbon  Creek  (^*?). 

Arkose  rw^f.  ^'eet. 

Coal*- S-11 

Shale  floor. 

Svvtion  in  tunml  near  mouth  of  Srvada  Creek  (6'.J). 

Ft.      in. 

Dark   shale _  ._    2 

Coal'' .  ■-. V.)       7 

Arkost*    _  ^      ^      10 

Strike  N.  LHJ"  M.  dip  7s     X. 

The  following  sections  are  in  the  upper  part  of  the  valley  of  Shep- 
nl  Creek,  above  the  month  of  Carbon  Creek: 

"  niclnded  in  sample   No.  .'S.  pp.   84. 

•'Included  in   sample  No.  i'A),   pp.   H4-H7. 

*■  Included  in   samples   Nos.    r»2a   and   (521).    pp.    S4-S7. 

''  Included  in  samples   Nos.  04a  and  tUb,  pp.  84-87. 


I  Swlhiii  fti  u*trth  fttfi  ft  J  uniHr  fruit  an  t'uni  Mv  nf  iMkv  Vharhtii^;  Hrr 

^B  ft. 

^H  Biiak*   HMif  ,____^. ^ , ^ .  Ill 
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Coal   ,. . ^,^— __«: ., L^  iz 

guiivit- - ,, .___w. ^^ & 

Cfmr*"  wltJi  mutijr  tliiu  imrtliigs  of  boue^ 9      H 

Shale  aud  *.MiaI .^^ ,^. ^^-_-_     0 

Strike  N.  12"  R,  dip  72*  8E. 


r 


Atthb  opening  the  coal  is  fimi  and  should  ^tand  shipment  with  Ie>^- 
emshing  thun  many  of  the  otherH  in  this  field,  but  the  ainaiuit  (tf  ash 
is  excessive.  The  same  seam  has  Ijeen  opened  again  nbour  hulf  n  mlk 
south  of  thi^  point. 

» 

Ma  of  ^hvifhcrtt  Vmttk,  i.\  miivM  brluvo  Ltikc  Vhurhftic  {6Ui> 

Shak^  rL>^vf.  ^*      ^^ 

rxm\ „^_^__ ._^,. __,.. ^^^  20         C 

Hhair   rtoor. 
HlHke  X.  40*  K„  TTi*'^'  X^V. 

Thi«  Ijed,  whicli  appearecl  very  pi^m lining  when  fii'st  opened.  sIjou- 
iiig  A  gi^eat  thickness  of  beautifuK  clean  coal,  has  been  found  ta  li^ 
cut  uff  entirely  within  u  few  feel  by  n  fault. 

The  ft)l  lowing  section  is  the  tmly  one  ujeasiireii  in  tlie  lower  part  of 
the  Shepherd  Creek  vulley,  although  it  c<  nisi  durable  area  of  f^ml  i^ 
known : 

St'ctlnn    1    ttnh'   north  west   af   Vnttftr   Landing   nn^   Hhcphf^rd   Vrfrk;   t'ln'fli^"* 

BOO  fvvt   (67), 

Ft.      m. 

Cm]  6   ,-__^ - _— _»-._^_— .,. .^ ^ 

Shale    _,— 1 ^_,_,_^__^ ^__,, , 2 

Vnn}^    ,, , ^ 4        4 

Strike  X.  Tifl^  E„  a\p  n5*  XIV. 

The  opening  is  on  the  west  side  of  the  valley  of  Shepherd  Tret't 
at  an  elevntitni  of  al>ont  200  feet  nbove  Bering  Luke. 
The  following  sections  are  in  the  valley  of  Lake  Tokun : 

Section  in  prospect  opening  on  west  hank  of  Tokun  Creek,  I.4  fnUes  above  1^*^^^' 

Tokun  (68). 
Arkose  roof.                                                                                             Feet 
Coal 1  2 

Shale  floor. 

Strike  N.  m''  E.,  dii)  33°  NW. 

Section  in  prospeet  opening  a  ahort  ditttanee  above  No.  68  (69). 
Arkose  roof.                                                                                             Feet 
Coal 3 

Shale  floor. 

Strike  N.  65°,  dii)  33°  XW. 


'  Included  in  sample  No.  65,  p.  84.  ^  Included  In  sample  No.  67,  p.  84. 


COAL.  70 

eelt*jn  f«  Utwtr  tttntwl  uu  'J'okun  Vn.*  h\  afmtit  100  yardsi  uht^v^  StK  iifi  (70}. 

Cm  1  *  .,..„„«  .^.*. «»«^„, ,       .„  6  8 

Shale  floor. 

Eet'iion  In  M|J/(tT  tunnvl  on  Tttkun  i'rtvk  iTH- 

8aQ49time,  sliafy.                                                                              Fe^^^ 
Owl _^ .__„_-^ — _, ^^ . 6 

Strike  N,  7^"  W,,  dip  40*  NE, 

Sfction  at  ht^atl  nf  ff*jrfft'  on  TniU  Vn'fk  ^7iK 
£^iiditoiie  roof.  Fl.      ia» 

(V>iiL.._ __^ ^_^ .^ ._ 2       a 

SiiuJMoue  fioor. 

Strike  N.  15"  W.,  air  ^**'>"  NK. 

rhe  coal  in  the  valley  of  Dick  CrtM^^k  if>  n^pHnsi^nknl  in  i\m  follnwing 
tions; 

Han  in  tnnm^l  on  trlifuftirtf  to  IHrk  Vt*t't'k  from  Ihv  rtutt  f^  miftM  nytrr  mouth 

iif  iHik  rtti'k  (7*JK 

DVtt 

Krtiut  stone  flonr. 

Strike  N.  15  \\\,  dip  W  XK, 

Bection  in  tuttml  on  VuinrH  Vrvrk,  t  mih:  north  nf  in  nut/  Lttkr  (7^). 

^    rt       in. 

Coal  (top  emiceftled) .-'- ._ --_     '2 

SHalo^-^^-^--— ^,.,.^^  ,»,  fc.T,  ,        ..    -        .1        e 

Coal*   8        6 

Sandstone  floor. 

Strike  N.  70*  E.,  dip  35^*  NW. 

Hon  on  tributary  to  Falh  Crcvk,  ^  mile  northeast  of  Christopher" ft  cabin; 
elevation,  200  feet  (7o). 

Soft  shale  with  probably  a  little  overlyinjij  coal.                      ''^t.  In. 

Coal<^ 2  7 

Shale:. -   -- 7 

Coal _     0 

Shale 1  10 

Coal _     -     -       -    5 

Coaly  shale -^ —    ♦> 

Arkose. 

Strike  N.  25°  K.,  dip  VtO"  SK. 

'tion  in  opening  in  cliffs  uf  I  nils  Crcrk.  I  mile  north  of  licrimj  Luke;  elcra- 
ratitni,  J 10  fret    (76). 
Arkose.  ^'<^t. 

Coal** 3 

Coal  and  shale :^ 

Coal** 4 

Sandy  shale  floor. 

Strike  X.  20°  W.,  (Iii»  2.^°  NK. 

•  Included  In  sample  No.  70,  p.  84.  ^  Iii<lijd«Ml   In  Kami)le  No.  7't,  pp.  84   87. 

*  included  in  sample  No.  74,  p.  8*.  **  IndudcnJ  In  nample  No.  7<i,  \>v.  H\-v>". 
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Up  the  creek  from  this  point  are  iiunierous  small  surface  opening! 
each  showing  from  2  to  3  feet  of  irregular  coal : 

Section  on  Falls  Creek  1  mile  above  iU  mouth;  elevation^  ^00  feet  (77). 

Massive  arkose.  Vett 

CJoal e 

Shale 4 

CJoal. 2+ 

Strtke  N.  46''  K,  dip  35"  NW. 

Section  on  ridge  south  o/.  Mount  Hamilton;  elevation,  lfi23  feet  (78). 

Coal - 1 

Shale 1-_    1 

C!oal n\ 

Shale 1 

Coal . 2 

Strike  X.  W  W.,  dip  85'  NE. 

Section  on  ridge  south  of  Mount  Hamilton;  elevation,  IJSSO  feet  (79). 

Arkose.  **t.      in. 

Shale 3 

CJoal  — 7 

Shale 9 

CJoal  J 1 2 

Shale 3 

Strike  N.  S!)°  K,  dip  40'*  NW. 

Hertion  in  f/iilfh  lirn-fiffhs  nf  a  mile  sttuthtvist  uf  Mnunt  Hamilton;  rlrvation, 

tJffO  fnt   (SO). 

Shale  rfK)f.  Ft.     In, 

Coal" .  -  _..         ..     _   .    ..     5 

Shale  at  top  aiul  hottoin,  roncealtHl  l)et\v«M'ii_. .    ._.    30 

Coaly  8hal^> t. ._ ___  2 

Coal  &    (somewhat   iinimre)--     _       _       _     .      ...     1        5 

Shale . -_      .. _..  2 

Coal  *•  with  sliale  streaks     .  ._  1        4 

Shale ..._._.  4 

Coal''  with  little  shah'     .  1 

Slialy  coal       _     ..  .  .    _   6 

Coal''   __  .   -   .  - 9 

Shale  ---  _    -  1 

Coal.  Impure  _  4 

Coal'-    ..- 1        8 

Shale  __.  .  2 

Coal'  -_         _.  -   .  4        6 

Shaly  saiulstoiio  Moor. 

Strike  .\.  40*  K..  <llp  .VJ"  NW. 

"  InchuhHl  111  Hiimplf  Nti.  SOn.  pp.  s4  ST.         ''  InciiKitMl  in  Hample  No.  80b.  pp.  84-87. 
*"  Include<I  In  sample  No.  SUc.  pp.  84-87. 
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Section  in  tunnel  on  shore  of  Bering  Lake  halfway  between  Paul  Point  and 
mouth  of  Dick  Creek  (81). 
Shale  roof.  Ft      in. 

Coal  —1 8 

Sandstone 1 

Coaly  shale 10 

Coal" 4 

Soft  shaJe ,. 6 

Possibly  some  coal  beyond. 
Strike  N.  76**  R,  dip.  72*  NW. 

CHARACrrER   OF   THE    COAL. 
PHT8I0AL  PROPBBTZBB. 

Numerous  specimens  of  hard,  firm,  bright,  and  apparently  pure 
coal,  possessing  all  the  physical  characteristics  of  the  best  anthracite, 
have  been  seen  in  the  upper  part  of  the  valley  east  of  Carbon  Moun- 
tain. 

These  properties  are  not  evident  in  most  of  the  surface  exposures 
of  the  coal  beds  and  in  the  shallow  openings,  such  exposures  usually 
showing  only  a  soft,  weathered  mass  of  coal  which  gives  little  indi- 
cation of  anthracite  character.  However,  in  all  parts  of  the  region 
indicated  on  the  map  (PI.  VIII)  as  containing  anthracite  float  speci- 
mens of  good  anthracite,  such  as  those  described  above,  are  found,  and 
the  best  of  the  natural  and  artificial  exposures  of  the  coal  beds  contain 
some  fragments  which  indicate  that  the  unweathered  coal  would  be 
of  the  anthracite  character  of  the  hard  float  specimens.  The  classifi- 
cation of  all  the  coal  of  this  part  of  the  field  as  anthracite  is  further- 
more confirmed  (see  pp.  90-91)  by  the  other  properties  of  the  coal. 

It  is,  however,  not  certain  that  this  coal,  though  anthracite,  will 
have  the  value  to  be  expected  from  its  composition.  It  is  impossible 
to  tell,  from  the  present  surface  exposures,  whether  beds  exposing 
a  soft  friable  mass  of  weathered  coal  will  he  found  hard  and  un- 
broken below  the  zone  of  surface  disintegration,  or  whether  this  coal 
is  all  badly  crushed  and  shattered.  The  value  of  this  end  of  the  field, 
as  determined  by  the  possibility  of  profitable  mining,  depends  largely 
on  this  question,  for  when  an  anthracite  is  badly  crushed  its  market 
value  is  far  more  seriously  impaired  than  that  of  a  bituminous  coal 
would  be. 

The  coal  of  the  rest  of  the  region,  classed  below  as  semianthracite 
and  semibituminous  coal,  is  all  of  a  friable  nature,  the  least  crushed 
of  it  somewhat  resembling  j)art  of  the  softer  bituminous  coals  of  the 
Eastern  States.  Many  of  the  beds  have  been  severely  crushed  and 
sheared,  and  the  coal  is  certain  to  be  badly  broken  up  in  mining  and 

"  Included  In  uample  No.  81,  pp.  84-87. 
2180a-Bull.  335—08 G 
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shipping,  thus  yielding  a  large  proportion  of  slack.  This  is  not  such 
a  great  detriment  in  the  case  of  the  semibituminous  coking  coal  as  it 
is  with  the  anthracite  and  semianthracite,  for,  as  will  be  shown  below 
some  of  it  will  probably  be  made  into  coke,  while  that  which  is  used 
as  steam  coal  will  fuse  and  cake  as  soon  as  it  is  put  into  the  furnace, 
thus  preventing  the  loss  of  slack  through  the  grates. 

ooMBnsTioir. 

The  coal  from  all  parts  of  the  field  bums  with  short  flame  and  little 
or  no  smoke,  the  length  of  flame  and  amount  of  smoke  being  least  in 
the  coal  from  the  eastern  part  of  the  field  and  increasing  gradually 
westward.  The  coal  from  the  west  end  of  the  field  fuses  and  cakes 
somewhat  on  beginning  to  burn,  but  that  from  the  eastern  part  bums 
without  caking.  Considerable  fine  coal  or  coke  usually  goes  throu^ 
the  grate  without  burning,  but  this  could  be  remedied  by  the  use  of 
finer  grates  than  are  customarily  used  in  this  region.  The  ashes  are 
soft  and  fine  and  little  or  no  clinker  is  formed. 

COKnrO  TESTS. 

The  coking  qualities  of  the  coal  from  the  33-foot  bed  on  Trout 
Creek  (see  tunnel  No.  36  on  PI.  VIII,  pocket,  and  on  p.  73)  were 
tested  by  the  writer  in  the  summer  of  1905  in  the  following  man- 
ner: A  hot  wood  fire  was  built  in  a  pit  dug  for  the  purpose,  and 
lump  coal  gradually  added  until  about  GOO  pounds  of  coal  was  burn- 
ing. Then  about  a  ton  of  slack  and  lump  coal  was  added.  The  sides 
of  the  pile  wen*  banked  with  stones  and  dirt,  the  top  and  ends  being 
left  open  for  draft.  After  several  hours  the  ends  were  banked  and 
only  a  small  opening  at  the  top  was  left  uncovered  to  let  the  smoke 
escape.  Fonr  days  later,  when  the  smoke  ceased  to  come  off,  the  pile 
was  opened  and  the  tire  extinguished.  The  resulting  coke  was  firm, 
strong,  ])()rons,  and  had  a  good  ring  and  luster.  The  test  showed 
conclnsively  that  an  excellent  coke  can  be  made  from  this  coal  by 
proper  treatment. 

The  coal  from  the  S-foot  bed  on  Carbon  Creek  (see  tunnel  No.  62 
on  PI.  VIII,  pocket,  and  on  p.  77)  was  tested  in  1906  in  the  same 
manner.  Heavy  rains,  (hiring  the  early  part  of  the  test,  made  it  im- 
possible to  get  as  hot  a  fire  as  shonid  have  l^een  used,  and  the  test 
was  consequently  not  as  great  a  success  as  was  hoped  for.  A  small 
(juantity  of  fair  quality  of  coke  was  obtained  from  the  center  of  the 
pit,  which  seeni^  to  indicate  that,  under  more  favorable  conditions, 
good  coke  could  he  prochiced. 

Coal  from  many  of  tlie  otiier  seams  was  tested  more  crudely,  and 
it  was  found  that  practically  all  of  the  coal  here  classed  as  semi- 
bituminous  possesses  such  coking  qualities  that  probably  by  proper 
treatment  a  good  coke  can  be  made  from  almost  any  of  it. 


CHAEAOTER   OF   COAJL.  83 

OHEMIOAL  AITP  OALOEIMETBCa  PEOPlRtlXfl. 

of  saniplinff.^ThQ  analyses  and  calorimeter  tests  recorded 
the  tables  on  pp.  B4— 87  were  made  upon  samples  collected  by  the 
ritei\  These  sampler  were  all  collected  in  the  following  man- 
sr:  A  position  was  selected  where  a  complete  and  characteristic 
ction  of  the  bed  was  exposed,  and  where  the  effects  of  weathering 
ere  absent  or  as  slight  as  possible,  A  fre^^^h  cut  was  then  made 
ross  the  bed  from  roof  to  floor,  cleaning  off  all  dirt  and  weathered 
>al  as  fur  as  po^ible.  A  waterproc^f  cloth  was  spread  to  catch  the 
►al,  and  a  sample  was  cut  from  the  roijf  to  the  floor,  taking  all 
irts  of  the  bed  alike,  except  such  shale  and  other  bedded  impnritrei^ 
i  could  readily  Ir*  separated  in  the  ordinary  practices  of  actual 
ining.  The  parti^  of  each  bed  which  went  into  the  sample  are  i il- 
ea ted  in  the  local  sections.  The  sample  was  then  pulverized  and 
refidly  quartered,  A  3-pound  sample  prepared  in  this  way  was 
aled  immediately  in  an  air-tight  can  **  which  was  not  opened  until 
i£  coal  was  analyzed, 

Methofh  of  imalysiH, — The  samples  collected  in  190r>  and  lOOtj 
ere  analyzed  by  F,  M,  Stanton  of  the  United  States  Geological 
iirrey  fuel-testing  plant  at  St*  lx>uis,  Mo„  nsing  the  standard 
ethods*  adopted  in  that  work.  The  samples  tx)llected  in  11)04  wem 
lalyzed  by  E,  C,  Sullivan  of  the  United  States  Geological  Survey. 
he  sampler  collected  in  1005  were  analyzed  and  the  calorific  value 
itemiined  by  Penninian  Sl  Browne,  of  Baltimore,  Md*  The  methods 
&re  the  same  as  those  used  ^  for  the  Maryland  Geological  Survey. 
It  will  be  noticed  that  most  of  these  samples  contained  a  large  pro- 
>rtion  of  total  moisture,  the  greater  part  of  which  was  driven  off 
-■  air  dryinrf/'  Under  most  circumstances  this  proportion  would  l>e 
garded  as  excessive  and  not  characteristic  of  fair  samples.  But  in 
ew  of  the  large  amount  of  underground  water  w^hich  the  rocks  of 
lis  region  contain,  and  the  heavy  rainfall,  it  seems  probable  that  the 
tal  moisture  of  these  analyses  will  represent  approximately  the 
•oportion  which  the  coal  will  contain  in  uncovered  cars  when  it 
aches  tide  water. 

Analyses, — The  table  on  page  84  contains  j^roximate  analyses  of 
1  the  samples  collected  by  the  writer,  and  also  calorimeter  tests 
here  such  were  made.     Averages  of  all  the  analyses  of  each  kind 

•  coal  are  also  given. 

p 

■  Samples  No.  55b,  55d,  62b,  and  65  were  shipped  In  canvas  sacks,  and  consequently  had 

rliance  to  dry  io  shipment.     They  were  otherwise  treated  as  described  above. 

►Bull.  U.  S.  Geol.  Survey  No.  261,  1905,  pp.  lfi-20;  Prof.  Paper  l'.  S.  Geol.  Survey  No. 

1906,  pt.  1,  177-193;  Bull.  V.  S.  (Jeol.  Survey  No.  200.  1900.  pp.  20-30. 
'  Penniman,  W.  B.  D.,  and  Browne,  Arthur  I>.,  The  chemical  and  heat-producing  quail* 
B  of  Maryland  coals  :   Maryland  Geol.  Survey,  vol.  5,  1005.  pp.  620-625. 
'  Bull.  U.  S.  Geol.  Survey  No.  261,  1005,  pp.  10-20 ;  Bull.  U.  S.  Geol.  Survey  No.  290. 
>6,  pp.  29-30. 
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Analyses  and  tests  of  Bering  River  coals, — /. 


■J 

1 
U 

a 

H 

2.68 
2.17 

15+ 

10.5 
4.7 

15 

10 

Proximate  aualysis. 

Caloriflc 
▼alue. 

e 
c 

I 

l 

4.70 
1.90 
6.10 
18.20 
6.20 
5.20 
7.00 

it 
I 

7.67 
8.74 
8.83 
18.89 
7.26 
5.93 
8.81 

P 

5.78 
5.41 
6.86 
5.01 
6.64 
6.76 
7.12 

s 

H 

_  i 

20.52 
4.93 
8.81 
7.23 

10.21 
5.84 
2.14 

1 

2.90 
1.10 
1.11 

.82 
1.27 

.82 
1.05 

1 

Fuel  imUo. 

b2 

2478 
2i85 
2480 
2488 
2487 
2496 
2882 

66.08 
85.92 
82.00 
73.87 
75.89 
81.47 
82.48 

11.42 

f*3 

15. 8S 

h5 

12.81 

^6 
67 

6,748 

12,187 

14-75 
11.4S 

t>s 

12.06 

69 

11.58 

('•) 

7.88 

6.15 

78.28 

7.74 

1.80 

12.81 



ft  10 

2481 
2479 
4461 
4483 

*4462' 
4459 

"448i' 
4435 
4460 
4430 

5.25 
2.85 
6.75 
2.58 
4.17 
2.67 
1.67 
5 
18 
5 
3 
7.42 

5.00 
1.50 
6.00 
6.20 

*6.*86' 
1.80 

'"5.06* 
8.80 
5.60 
4.80 

7.94 
4.43 
7.77 
7.43 
8.24 
7.64 
2.95 
1.84 
5.71 
4.19 
6.59 
5.89 

9.30 
10.14 
7.40 
6.86 
9.79 
9.82 
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5.# 

"  TIk^sc  nunil)ors  aRree  with  tho  section  nuinltors  Klven  on  IM.  VIII  and  In  the  section.* 
of  coal  beds.     The  arranKoment  Is  ;jeoprai)l«l<'  from  northeast  to  southwest. 

''Sample  collected  by  (i.  ('.  Martin,  10O.-» ;  analysis  by  U.  8.  Geological  Survey  fuel- 
testing  plant. 

♦^  Avera^'e  of  analy.ses  L'-J)    (anthracite). 

''Sample  collected  by  (i.  C.  Martin.  IJXMJ ;  analysis  by  U.  8.  Geological  Survey  fu*l- 
testlnp   plant. 

'Sample  cdllecii'd  by  ii.  ('.  Martin,  10(m  :  analysis"  by  renniman  &  Browne,  of  Balti- 
more. Md. 

'.Average  of  analvses   10 -L'S,  exclnslvc  of  No.   l!l    (seraiaothracite). 

<' Sampb"  collcct»*d  by  (i.  ('.  MarUn,  IIKM  ;  analysis  by  E.  C.  SulllTan,  U.  S.  Geologicil 
Survey. 

*  Average  of  analyses  liO-Sl    (semibituminous). 


OHABACTIR  OF  COAI., 


LOCALITIES. 


*  2,  II  iii1l«ii  above  Fourtli  B«fe  Lake. 
•3.  Gulch  ftt   head  of  Secrmd   Berg   Lake. 

*  5.  rarlK»n  Moiintfllii,  eaat  iiUle.  !4«cf>nd  opealriK  from  west  on  hJllfl[dfi  tr&ll, 
*6*  CarUoo  Mtitintalnn  ^am  side.  Ilrst  up^niuEr  from  west  on  titllj*lde  tralU 

*  7.   CnrlH/n  Moimtnln.  eiiet  *<Ule^  lIiHl  r*?ol  hmtw  hlllftlde  trail. 

*  8*   TBrhotj  MoutiUln>  west  nld*.*,  mjrih  t?nd  of  hHlwidi?  trfld. 

*  I^p   farbijn  MuiintaLn^  wi^Ht  »lde.  unutli  i^nd  uf  hlilKlde  cmih 

*  10*  <.'arlKjn  MniintAln.   west   elde.   neiir  rrewt   at    trnlJ.  J 

*  n*  CiiPlJon  MountelHf  wept  rid*'*  50  reet  Iw'ltpw  tbr  last.  ' 
'14.   FHlmtAff   ta  Can^oti  t'rp«k   on  cmibi   sid^  and   nf^xt  bnlow  Bunra  CAbIn*  elevatloa 

"  feet. 

*  IH,  TrJbutarj  to  Cq.iiyun  Creek  on  east  £itde  and  next  belaw  Ilnnt^a  cabtn.  elevAtiaa 

'IT.  Tunne]  on  east  bank  of  Canyon  Crfiek.  2|  miles  atxtre  monthi  of  creek*  near 
Uiinr^  vnl>ln. 

*  lt>.  t'arb(in  Mountain,  w^-flt  side,  frpek  opposite  inoutti  of  Canynn  Creek.  eJevation 
^m  tmt. 

'20.  rarbon  Monntftin,  west  *ildiv  creek  opposite  month  of  Canyon  Trwk*  Wevatioo 
flOO   feet. 

*  21h  I'arbon  Monntaln.  aonth  end  (natiiral  coke>. 

^  2^L  Tnnu«l  on  north  ^>ank  of  I'lear  Cre^k  above  the  falls. 
'26.  Tan  net   at  baae  of  Clear  rr*?ek   Kails. 

*  27.  Opening  oti  tributary  to  Clnar  Creek  bendto^  aontlieast  of  UonntnenI  MonntAtUi 
#fl«YwU<ni  In^iiU  feet. 

^  2n.  f)|rK?nlnE  on  trilintAry  to  ClpAr  Creek  heading  sotitbeaBt  iif  MimiiuieuF  Mf»untaLa« 
elevntlon    l.L*00   fe^t. 

'  l^IL  Oj>enIn^  on  ea^t  bonk  of  Cleur  Creek.  l.\@  ml  lei  ;ilM>Te  tbe  mo  nth  of  thv  tTiit^lc. 

*  '^i'i.  Trool    Creek  I    tnri^et    ojipoEiltf;   houfw. 

*  !^4.  Trout  Creeks  cj]ienin!i  tit  creek  level  lielgw  the  lauL 

*  30.  Trout   Creek,   tunnef  u tie- fourth   mile   below   hQUse. 

^  43.  Oiieulng  on  tCuiibiakH  Itld^re.  hihi  »[tXe,  l^  mlleM  north -northwest:  of  eahJn.  elera- 
tton  1,300  feet. 

'  44.  0|)«nlng^  oti  Kuiibtaka  Kidge,  eaet  nlde,  1  mite  north -northwest  of  cablu,  eleTatlotii 
B50   feet. 

^  48u.  Tunnel   on  eAil  fAee  of  Kushtaka  Btdge,  eleyAtlon  700  feet, 

*  48k  Tunnel  on  eaat  face  of  KuHhtaka  Blage,  elevation  TOO  feet  {same  ttmnel  and 
itva.fB  nii  tAAt  t . 

*  T*TtA,  OrienlTig  on  nortbweat  bank  of  Quc^n  Treek,  upper  bed. 

*  5rib.  Oiieolng  oo  northwest  b*.nk  of  Queen  Creek,  nnper  t>ed  uame  ah  Hie  lant). 
■  fttk'.  Open  in  KT  on  northwest  bank  of  Queen  Creek,   lower  lied, 

'  5rMJ.  Openltig  on  north  west  Imnk  of  Que^ti  Treekt  lower  l^ed   (sann?  asi  the  laatK 

*  ft8.  Opening:  on  amiill   creek  z^outhweBi   of  Quef'n  4'reek^ 
'60.  Tunnel  on  I^eeper  Creek,  one- third  UiUe  above  Itet  mouth. 

*  C2A.  Tunnel  on  A^mih  hank  of  CArlaon  Creek. 

0  tyiK  Tunnel  on  soutb  bank  of  TurthDn  t'reek    isfimc  or  tbe  lant), 

*  64a.  Tunttel    t*eAr   mouth   of   Nevada   Crt?ek. 

*  <l4ln  Tunnel    near  mouth   of  Neva<la   Cre«k    Cj^ame  aa  tbe  laet^. 

r  fih.  Opening  at  north  end  of  n[iper  trail  on  eaat  Hide  of  L»ike  Charlotte,  elevation 
SLO   feet. 

'  67.  Tunnel  1  mile  northwest  of  CAnoe  Landltig  on  Shepherd  Creek,  i4evaHi»n  l*nit  ftN*t. 

*  TO.   Lower  tunnel  on  Tokuii  Creeks 

^  74.  Tunnel   on   Powers  Oeek,    1    mile  north  of  Bering  Lake. 

'  7o.  Tributary  to  Fall«  Treek,  one- half  mile  northeast  »f  ChrUtopher*a  cahln,  elevation 
20<J   feet. 

^  TO.  <:iiirB  on  Fa]1»  Oe^k,  1  mile  north  of  Bering  Lake,  elevation  110  feet. 

'  8i^a.  Gulch  two-tlftha  of  a  mile  gouthwest  of  Mount  Itamllton,  eli^v'Atlon  1.1  oo  feet, 
upiM^r   bed, 

*  Hiih.  fjulch  two- fifths  of  n  mile  Hontbw*eflt  of  Mount  HamlHon^  elevation  l.lOii  feet, 
lower    bed,    upper    bench. 

'  BOc.  tsnich  two-tlftha  of  n  mile  Houthweat  of  Mount  flamlUon^  elevation  1,100  feet, 
lower  biHj,   lower  Iwneh. 

*  si.  Tunnel  on  Hhore  of  Bering  f^ke,  halfwAy  between  Toul  Point  AUd  f>lek  (^rt*ek. 
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OOHTBOLLBfi  BAT  ftSQIOH,  AXiABKA. 
Analif9e$  and  te9t$  of  Bminp  Biver  ooolt.— //• 
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*  Thc«e  numlKTH  ajfroe  with  the  ncctlon  numborN  as  flriven  on  PI.  VIII  and  In  the  HK- 
tions  of  coal  beda  (pp.  07-^1).  The  arrangement  is  geographic  from  northeast  to 
Houthw^at 

»  Sample  collected  by  G.  C.  Martin.  1005;  analysis  by  V.  M.  Stanton.  V.  8.  (Jeol.  Sor 
vey  fuel-testing  plant. 

'Average  of  analyses  .3-9    (anthracite). 

*  Sample  collected  by  O.  C.  Martin,  1906 ;  analysis  by  F.  M.  Stanton,  IT.  s.  Oeol.  Snr- 
voy  fuel-testing  plant. 

'Average  of  analyses  10-28    (semlanthraclte). 
^Average  of  analyses  29-Hl    (HemibitumlDous. ) 

LOCALITIES. 

*3.  Ciulch  nt  head  of  Second  Berg  Lake. 

*  r».  Carbon  Mountain,  east  side,  second  o|)ening  from  west  on  hillaide  trail. 
*6.  Carbon  Mountain,  east  side,  first  opening  from  west  on  htllstde  trail. 
*H.  Carbon  Mountain,  west  side,  north  end  of  hillside  trail. 

*  9.  Cart>on  Mountain,  west  side,  south  end  of  hillside  trail. 

*  10.  Carbon  Mountain,  west  side,  near  crest  at  trail. 

*  11.  Carbon  Mountain,  west  side,  50  feet  below  the  last. 

'14.  Tributary  to  Canyon  Creek  on  east  side  and  next  below  Hant*8  cabin,  eleTatton 
630  feet. 

*  16.  Tributary  to  Canyon  Creek  on  east  side  and  next  below  Hunt's  cabin,  eleTatton 
520  feet. 

*  19.  Carbon  Mountain,  west  side,  creek  opposite  mouth  of  Canyon  Creek,  eleTation  9!M) 
feet. 

*  20.  Carbon  Mountain,  west  side,  creek  opposite  mouth  of  Canyon  Creek,  eleTation  900 
feet. 

'  23.  Tunnel  on  north  bank  of  Clear  Creek,  above  the  falls. 
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LOCALITIES— Continued. 

*  26.  Tunnel  at  base  of  Clear  Creek  falls. 

*  27.  Tributary  to  Clear  Creek  beading  soutbeast  of  Monument  Monntain.  elevation 
1,450  feet. 

*  28.  Tributary  to  Clear  Creek  beading  soutbeast  of  Monument  Mountain,  elevation 
1.200  feet. 

*  29.  EJast  bank  of  Clear  Creek.  2.1)  miles  above  its  moutb. 
*:i,S.  Trout  Creek,  tunnel  opposite  house. 

*36.  Trout  Creek,  tunnel  one-fourth  mile  below  house. 

*  43.   Kushtaka  Uldge,  east  side.  \l  miles  north  northwest  of  cabin,  elevation  1,600  feet. 

*  44.  Kushtaka  Kidge,  east  side,  1  mile  north  northwest  of  cabin,  elevation  850  feet. 

*  48b.  Tunnel  on  east  face  of  Kushtaka  Uldge,  elevation  790  feet. 

*  55a.  Northwest  bank  of  Queen   Creek,   upper   bed. 

*  55c.   Northwest  bank  of  Queen  Creek,  lower  bed. 

*  00.  Tunnel  on  Leeper  Creek,  one-third  mile  above  its  mouth. 
*02a.  Tunnel  on  south  bank  of  Carbon  Creek. 

»64a.  Tunnel  near  mouth  of  Nevada  Creek. 

'75.  Tributary  to  Falls  (reek,  one  half  mile  northeast  of  Christopher's  cabin,  elevation 
200  feet. 

*76.  Cliffs  on  Falls  Creek.  1  mile  north  of  Bering  Lake,  elevation  110  foet. 

'80a.  Gulch  two-fifths  mile  southwest  of  Mount  Hamilton,  elevation  1,100  feet,  upper 
bed. 

'80b.  Gulch  two-fifths  mile  southwest  of  Mount  Hamilton,  elevation  1,100  feet,  lower 
bed.  upper  bench. 

'80c.  Gulch  two-fifths  mile  southwest  of  Mount  Hamilton,  elevation  1.10(»  feet,  lower 
bed.  lower  bench.  ,  ,  ,  . 

^81.  Tunnel  on  shore  of  Bering  Lake,  halfway  between  Poul  Toint  and  I>lck  (reek. 
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The  tables  on  pages  84-87  contain  proximate  and  ultiiiimte  an- 
alyses and  calorimeter  tests  of  the  samples  collected  in  1905  and  IML 
These  analyses  and  tests  were  all  made  at  the  United  States  Geo- 
logical Survey  fuel-testing  plant,  under  uniform  methods  and  condi- 
tions, and  are  hence  better  adapted  for  comparison  with  one  another 
than  the  other  analyses.  These  proximate  analyses  (p.  84)  of  the 
samples  collected  in  1905  are  not  the  same  as  the  analyses  of  the  same 
samples  given  in  the  other  table  (p.  86).  No  ultimate  analyses  woe 
made  until  after  the  1906  samples  were  coUeded,  when  ultimate 
analjrses  were  made  on  both  the  1905  and  1906  samples,  and  the  proxi- 
mate analyses  on  the  former  were  repeated.  The  differences  between 
the  two  sets  of  proximate  analyses  on  the  same  samples  represent  the 
alteration  in  the  coal  samples  which  took  place  during  the  fifteen 
months  that  elapsed  between  the  dates  of  the  two  analyses. 

Phosphorus  was  not  determined  in  any  of  the  samples  ooUeeted  by 
the  writer,  but  a  group  of  17  analyses  made  under  private  ansiHeeB 
show  phosphorus^  ranging  from  0.008  to  0.070  and  averaging  OMl. 
-  The  exact  localities  of -these  samples,  as  well  as  the  methods  of  sam- 
pling and  analyses,  are  not  known. 

CLASSIFICATION  OT  THX  COAL. 

Schemes  of  classification. — Coal  is  classified  according  to  its  phy- 
sical properties,  behavior  on  burning,  products  of  distillaticm,  and 
chemical  composition,  into  the  main  classes  of  anthracite,  bituminous^ 
and  lignite.  Further  divisions  include  semianthracite  and  semibi- 
tuminous,  which  are  intermediate  between  anthracite  and  ordinary 
bituminous  coal;  coking  coal,  splint,  block,  and  caunel,  which  repre- 
sent special  phases  of  bituminous  coal ;  and  subbituminous,  which  is 
intermediate  l>etween  bituminous  coal  and  lignite.  The  Bering  River 
coal  is  all  either  anthracite,  semianthracite,  or  semibituminous,  so  the 
basis  of  classification  of  only  these  will  be  considered  here. 

No  one  of  the  characteristics  enumerated  above  forms  a  sufficient 
basis  for  the  classification  of  coal,  and  since  each  class  of  coal  proba- 
bly gi'ades  completely  across  into  other  classes,  it  follows  that  if  a 
large  enough  number  and  variety  of  coals  are  under- consideration,  no 
sharp  divisions  C4in  be  recognized  even  if  all  the  properties  are  known. 
Yet,  as  a  general  thing,  since  some  of  these  properties  follow  from 
certain  others,  a  given  coal  can  usually  be  referred  to  its  approximate 
position  without  knowledge  of  all  its  properties.  For  example, 
anthracite  can  be  recognized  and  distinguished  from  all  the  other 
classes  by  its  physical  appearance,  by  the  way  in  which  it  bums,  by 
the  relative  amounts  of  volatile  hydrocarbons  and  nonvolatile  carbon 
which  it  yields  on  distillation,  and  by  its  chemical  composition. 
Semianthracite  and  semibituminous  C4in  not  as  a  general  thing  be 
distinguished  from  each  other  by  their  physical  appearance,  but  they 

"Compare  with  phosphorus  iu  Fairmont,  West  Virginia,  roklng  eoal,  p.  111. 
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can  be  distdnguished  by  the  amount  of  flame  and  smoke,  by  the  fact 
that  semianihracite  will  not  coke  while  semibituminons  will  coke,  by 
the  relative  proportions  of  the  products  of  distillation,  and  by  chem- 
ical composition.  Similarly  semibituminons  and  bituminous  coal  can 
not  usually  be  distinguished  by  physical  appearance  or  by  coking 
properties^  but  can  be  distingui^ed  by  the  length  of  flame,  by  the 
amount  of  smoke,  by  the  relative  proportions  of  the  products  of  dis- 
tillation, and  by  the  chemical  composition. 

It  can  be  seen  from  the  preceding  paragraph  that  either  the  prod- 
ucts of  distillati<m  or  the  diemical  composition  suffices  for  the  recog- 
nition and  separation  of  the  classes  of  coal  here  represented. 

The  products  of  distillation  are  usually  determined  as  moisture, 
volatile  matter  or  ^volatile  hydrocarbons,''  fixed  carbon,  and  ash; 
and  the  determination  of  them  is  called  a  ^proximate  analysis."* 
The  relative  proportion  of  the  products  of  distillation  is  usually  rep- 
resented by  lihe  quotient  of  the  fixed  carbon  divided  by  the  volatile 
matter,  or,  as  it  is  usually  called,  the  fuel  ratio,  which  is  a  convenient 
index  of  the  classification  of  the  coal.  Fuel  ratios  which  have  been 
in  use  for  the  last  sixty-fiVe  years  or  more  were  made  the  basis  of  a 
coal  classification  which  was  proposed  by  Frazer  ^  in  his  work  for  the 
Second  Pennsfylvania  Survey  and  which  has  come  into  quite  general 
use,  thou^  with  some  modification  of  the  limits  of  the  various 


As  originally  stated  by  Frazer  the  fuel  ratios  of  anthracite  ranged 
from  100  to  12,  of  semianihracite  from  12  to  8,  of  semibituminous 
form  8  to  5,  and  of  bituminous  from  5  to  0.  The  terms  semianihra- 
cite and  semibituminous,  as  used  in  the  trade,  are  applied  io  coals 
with  somewhat  different  ranges  of  fuel  ratio  than  those  used  by 
Frazer.  Consequently  a  somewhat  different  grouping  has  come  into 
use,  in  which  anthracite  is  recognized  as  having  a  fuel  ratio  above  10, 
semianihracite  from  10  to  7,  semibituminous  from  7  to  3,  and  bitu- 
minous of  various  kinds,  subbituminous  and  lignite  below  3. 

The  chemical  composition  of  coal  is  determined  in  the  form  of  an 
"  ultimate "  or  elementary  analysis.  The  relative  proportions  of 
these  elements,  or  of  some  of  them,  can  then  be  used  to  determine  the 
relations  of  the  various  coals.  These  proportions  are  usually  used  in 
the  form  of  a  ratio,  or  index  of  classification,  such  as  the  ratio  of 
carbon   to  hydrogen,*^  carbon  to  oxygen,  or  some  other  ratio  ^  or 

■  This  term.  aUhough  well  enough  understood  for  practical  purposes.  Is  somewhat 
misleading,  for  aoalysis  implies  a  separation  Into  constituents,  yet  the  volatile  matter 
as  obtained  In  a  **  proximate  analysis ''  is  not  a  constituent  of  the  coal,  but  a  product 
of  destructlTe  distillation. 

^Trans.  Am.  Inst.  MIn.  Eng.,  vol.  6,  1877,  p.  4:{0 ;  (ieol.  Survey  Pennsylvnhia,  Vol.  MM, 
1879.   pp.  128-144. 

'CampbeU,  Marias  R.,  Trans.  Am.  Inst.  Mln.  Kng.,  vol.  30,  100(1,  pp.  3*24-340;  Prof. 
Paper  U.  S.  Geol.  Survey  No.  4«,  pt.  1,  1900,  pp  150-173. 

<«  Parr,  8.  W..  Illinois  Geol.  Survey,  Hull.  3,  1!>00.  pp.  27-  7m.  (Jrout.  Frank  I-..  Ko.nomic 
Geology,   ?ol.  2,   1907.  pp.  iil>r»-l!41. 
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proportion,  involying  in  some  cases  more  than  the  elementary  Compo- 
sition /)f  the  coal.  None  of  these  schemes  have  been  dabormted  nl 
the  exact  boundaries  defined  for  the  classes  of  coal  here  under  ciMuid* 
eration,  nor  has  it  yet  been  shown  that  for  these  kinds  of  ooal  thej  an 
any  improvement  over  the  old  fuel  ratios.  The  fact  is  that  any  ratio 
or  index  of  classification  is  of  value  only  as  a  convenient  indn,  and 
that  a  satisfactory  classification  must  be  based  upon  all  the  propertlei 
of  coal  and  on  a  knowledge  of  its  genesis 

Variation  in  character. — ^The  table  of  analyses  on  page  84  shoma 
that  there  is  considerable  difference  in  the  relative  prop<Nrti<m  of 
fixed  carbon  and  volatile  matter  in  coals  from  the  eastern  and  the 
western  ends  of  the  field ;  in  that  from  the  eastern  end  the  amonnt 
of  fixed  carbon  is  greater  and  the  volatile  matter  is  leas,  and  hence  the 
fuel  ratio  is  greater.  East  of  Carbon  Mountain,  and  in  the  northm 
end  of  the  valley  of  Canyon  Creek,  the  fuel  ratioa^exceed  11,  rangiqg 
from  11.42  to  15.88. .  In  the  lower  end  of  the  valley  of  Canyon  Creok 
and  in  the  upper  end  of  the  valley  of  Clear  Creek,  the  fuel  ratki 
range  from  6.43*  to  11.12.  In  the  lower  part  of  the  vallqr  of  Clear 
Creeky  and  everywhere  west  of  it,  the  fuel  ratios  range  from  %M  to 
8.97  or  8.40.» 

The  tables  of  analyses  on  pp.  86-87  show  somewhat  different  fad 
ratios,  ranging  in  the  eastern  district  from  12.61  to  19.68,  in  the  mid- 
dle district  from  7.22  to  11.12,  and  in  the  western  district  from  8.61 
to  7.07.  The  fuel  ratios  of  both  tables  thus  show  that  the  coal  is 
anthracite  in  the  eastern  district,  semianthracite  in  the  middle  dis- 
trict, and  semibituminous  in  the  western  district. 

The  carbon-hydrogen  ratios  also  show  quite  plainly  the  differences 
in  the  character  of  the  coal  of  the  three  districts.  These  ratios  rangs 
in  the  eastern  district  from  22.81  to  25.10,  in  the  middle  district  iicm 
19.66  to  23.21,  and  in  the  western  district  from  15.42  to  22.89.  There 
is  some  overlapping  of  values,  but  in  general  the  differentes  between 
the  three  districts  are  quite  plainly  shown.  These  limits  db  not  agree 
very  well  with  the  provisional  limits  suggested  by  CaAipbell*  of 
26  (?)  to  (?)  for  anthracite,  23  (?)  to  26  (?)  for  semianthracite, 
and  20  to  23  (?)  for  semibituminous.  Campbell's  groupihg  of  these 
classes  of  coal  was,  however,  not  based  upon  a  sufficient  number  of 
analyses,  and  he  suggested  that  the  limits  would  probably  be  changed 
when  more  analyses  were  available. 

•  This  sample  contains  24  per  cent  of  ash.  Consequently,  since  ezcCMlTe  ash  otatUy 
appears  to  lower  the  fuel  ratio,  possibly  becauso  of  the  affinity  of  clay  for  oily  sub- 
stances, the  next  lower  fuel  ratio  (7.22 1  should  perhaps  be  regarded  as  near  the  typical 
lower  range  of  this  group  of  coals. 

*This  sample  (No.  65)  also  contalnH  nii  pxcesRlve  amount  of  ash  and  consequently  hat 
an  abnormal  fuel  ratio. 

'Campbell,  Marius  R.,  The  classiacatlon  of  cohIh.  Trans.  Are.  Inst.  MIn.  Kng..  ToL 
30,  1900,  p.   340. 
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Carbon-oxygen  raticxs  full  utterly  to  .show  any  imity  of  character 
5of  coal  in  either  district,  or  anv  marktHl  difference  between  the  sev- 
lip^l  districts.  The  highest  ratios  (54,40  and  33,23)  are  from  coking 
ieoals  of  the  western  district,  and  some  of  the  lower  ones  (9,66  and 
{14.49)  are  from  coals  vThose  other  characters  are  unthracitic, 
I  The  carbon -oxygen  ratio  U  theoretically  a  good  index  of  classifi- 
cation, hilt  it  fails  practically  for  these  cl assess  of  ooals,  bet^ause  in- 
eomplete  removal  of  moisture  in  air  drying  has  an  inordinate  effect 
lipon  the  ratio,  since  moisture  is  eight -ninths  oxygen,  and  conse- 
quently a  very  little  residual  moisture  can  contain  more  oxygen  than 
the  dry  coal  shoukL  When  we  have  an  aecunite  and  standardised 
inethod  of  removing  extraneous  moisture  (and  nothing  else),  then  the 
carbon-oxygen  ratio  should  furnish  an  excellent  index  of  classifica- 
tiou  of  coaL  but  at  present  its  use  is  impracticaL 

The  reparation  of  the  coals  into  three  groups  (p,  90)  on  the  basis 
of  their  fuel  ratios  is  confirmed  by  the  fact  that  the  coals  of  the  east- 
ern group  show  some  of  the  physical  properties  (p,  81)  and  the  be- 
havior  on  burning  (p,  82)  characteristic  of  anthracite,  while  the 
coals  of  the  western  group  have  the  physical  properties,  flame,  and 
coking  properties  of  semibituminous  coaL  The  coals  of  the  interme- 
diate group  are  soft,  burn  with  a  short  smokeless  flame,  and  do  not 
coke,  thus  agreeing  in  all  their  properties  with  the  sennanthracites. 
The  limits  of  these  groups,  as  far  as  could  be  determined  from  the 
present  investigations,  are  shown  on  Ph  VIII  (pocket),  which  gives 
the  area  and  distribution  of  the  anthracite,  semianthracite,  and  serai- 
bituminous.  Those  limits  are  subject  to  revision  in  the  light  of  fur- 
ther knowledge,  especially  where  the  lines  are  drawn  through  regions 
from  which  no  samples  have  been  tested.  It  will  doubtless  be  found 
that  such  linesj  as  far  as  definite  lines  of  separation  exist,  are  sinuous, 
and  that  the  area  of  each  group  contains  outlying  areas  of  the  other 
groups.  Wjthin  each  of  the  groups  as  outlined  abovcf  no  regular 
variation  has  been  noted. 

The  explanation  of  this  geographic  variation  is  to  be  found  in  the 
relation  to  the  structure.  The  anthracite  occurs  in  a  region  of  great 
structural  complexity  (p.  42),  the  rocks  being  very  closely  folded 
and  much  faulted.  The  coking  coal  occurs  in  a  region  of  simpler 
structure  in  which  the  folds  are  open.  The  semianthracite  occupies 
a  region  of  intermediate  structural  type.  Distance  from  the  Chu- 
gach  Mountains  also  doubtless  has  played  a  part  in  the  distribution 
of  the  various  kinds  of  coal,  especially  if  there  have  been  intrusions 
of  large  and  numerous  igneous  masses  subsequent  to  the  deposition 
of  the  coal.  Local  intrusions  are  more  abundant  in  the  anthracite 
region,  but  appear  not  to  be  either  numerous  enough  or  large  enough 
to  have  been  primarily  responsible  for  the  regional  variation  in  the 
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coal.  Whciv  such  dikes  or  sills  (pp.  70,  71,  72)  have  come  into  direct 
contact  with  the  coal  they  have  driven  off  'the  volatile  constituents 
and  transformed  part  of  it  into  a  dense  natural  coke,  as  shown  on  PL 
IX,  B.  The  effect  of  such  intrusion,  as  far  as  could  be  judged  from 
the  instances  noted,  was  extremely  local,  the  cooi  being  altered  for 
only  a  few  inches  from  the  contact. 

COICFABISON  WITH  OTHER  COAL. 

Tt  was  stated  aliove  (j).  SI )  that  coal  having  all  the  physical  diar- 
acteristics  of  the  l)est  anthracite  is  known  in  this  region  cxdy  Ikun 
float  specimens  and  from  out(*rops  which  have  not  been  sampled. 
The  ])hysical  pro])erties  of  thesi*  leads  to  favorable  comparison  with 
the  l)est  Pennsylvania  anthracite.  Workable  l)eds  of  such  character 
have,  however,  not  lK»en  opened  or  sampled,  and  it  is  not  known 
whether  they  exist. 

The  samph»s  of  anthracite,  of  which  analyses  and  tests  are  grren 
on  pages  84-87,  (^ame  from  l)eds  which  do  not  show  all  the  phyaictl 
properties  of  the  lx»st  anthracite.  The  analyses  and  tests  also  show 
that  this  coal  is  of  somewhat  lower  degi'ee  of  carbonization  than  the 
best  Pennsylvania  coal.  It  is,  however,  as  far  as  chemical  and  com- 
l)Ustion  propeilies  are  concerned,  an  excellent  fuel. 

The  sc»mianthracite  is  of  about  the  same  character  as  the  Tx)yalso(*k 
or  Bernice  basin  coal  of  Pennsylvania. 

Tlie  scMuihituininous  coal  is  very  close  in  composition,  heating 
power,  and  in  most  of  its  other  j)roperties  to  the  Pocahontas  (West 
A'ir^inia)  and  (n'orp^s  Creek  (Marvhind)  coal  and  to  other  coals  of 
the   Ai)pahicliian   <*oal    tields. 

The  fuel  and  <'<)niniereinl  vahie  of  thest^  coals  as  compared  with 
other  coals  with  which  they  may  come  in  competition  are  discussed 
under  the  heading  of  markers  (jjj).  111-11:2). 

PKosi»K<TIVK    MIMN<i    CONDITIONS. 

The  geolopfic  factors  which  will  atfeci  the  cost  of  mining  in  this 
region  include*  the  to|)o<rrapliic  position  t)f  the  outcrops,  the  steep 
dips  and  complicated  structure,  the  variability  in  thickness  and  the 
[)ossil)le  lack  of  persistt*nc<»  of  tin*  beds,  the  friable  character  of  the 
f'oal,  and  tin*  occurn*nce  of  explosive  <ras(*s  and  of  large  amounts  of 
under<rrouiid  watei*.  The>e,  with  the  additional  <piestions  of  title  to 
the  laud,  of  co^t  of  lal)or  au<l  Mi|)plies,  of  transportation,  and  of 
markets,  deieruiiue  the  |)ossihility  of  j)rofital)le  mining. 

POSITION   OF  THE   COAL. 

Tlie  coal-lM»arin^  locks  occur  in  re«:ions  of  considerable  relief,  and 
consi»(iu(MUly  a  large  amount  of  the  coal  is  above  drainage  level.  A 
large  /jmiuIxm*  of  the  coal  ImmIs  are  known  to  outcroj)  in  the  )x>ttoms  of 
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A.    VALLEY  OF  SHEEP  CREEK,  SHOWING  COAL  OUTCROPS  ON  THE  MOUNTAIN  FACE. 


Ji.     NATURAL  COKE  AND  DIABASE  SILLS  AT  THE  SOUTH  END  OF  CARBON  MOUNTAIN. 


MINING    CONDITIONS. 


be  valleys,  and  the  dip  is  such  that  all  (if  {lerststent  for  that  dis- 
ance)  can  be  reached  by  tunnfels  at  the  level  of  the  valley  floors, 
tliere  is  iio  doubt  that  enough  coal  can  l>e  thus  reached  to  support  a 
prge  mining  industry  for  a  long  time.  Shafting  or  slope  mining 
irill  not  l>e  necessary  for  many  yeai'S,  although  the  later  development 
(f  the  region  will  doubt le^ss  depend  on  the  coal  which  is  below  the 
^neral  drainage  level. 


ATTtrm^E  OF  THE  OOAL.^ 


1 


The  effect  of  dip,  in  addition  to  that  discussed  above  in  regard  to 
he  pw^itiou  of  the  coal  bedi?,  is  chiefly  to  determine  the  method  of 
nining.     Steep  dips  do  not  make  mining  impossible  or  even  exces- 
ively  costly.    They  introduce  no  problems  which  have  not  already— 
leen  successfully  met  in  other  fields,  ■ 

The  possible  overturned  folds  and  the  faults  introduce  problems 
llie  scope  of  which  can  perhaps  be  determined  only  by  exploration  of 
;he  !5eams  in  depth.  It  seems  probable  that  there  are  areas  within  the 
ield  in  which,  because  of  these  difficulties,  the  coal  can  not  be  suc- 
isessfully  mined,  (See  fig*  1,  p,  42*)  These  must  lie  determined  by 
Careful  surface  praspecting,  followed  by  either  boring  or  tunneling  ut 
mtical  points.  The  anthracite  field  is  especially  liable  to  Ije  affected 
%j  these  difficulties^  which,  on  the  one  hand,  will  be  compensatexl  for, 
H  part  at  least,  by  the  greater  value  of  the  coal. 

PSBfiXSTEltCS  OF  THE  COAL,  Iffet 

Variability  in  thickness  of  the  seams,  especially  of  the  thicker  ones, 
imy  be  considered  an  ever-present  problem,  the  exact  niHgnitude  of 
ivhich  can  be  determined  only  by  underground  exploration.  It  is 
lie  current  belief  in  the  region  that  the  seams  will  assume  constant 
liickness  and  attitudes  as  .soon  as  they  are  followed  under. a  heavy 
-over  of  overlying  rock.  Such  is  not  necessarily  the  case.  The 
spellings  and  pinchings  of  the  coal  do  not  depend  on  the  nature  of 
he  surface  of  the  ground,  but  on  the  mode  of  formation  of  the  coal 
>«d  and  on  the  structure  of  the  rocks.  Faults  or  breaks  in  the  coal, 
dockets,  and  squeezes  are  just  as  liable  to  be  found  under  the  center 
>f  a  uniform  plateau  as  on  the  edges  of  canyons,  and  must  be  deter- 
tiined  by  the  position  of  the  rocks  in  solid  outcrop  or  by  boring  or 
Unneling,  and  not  by  the  character  of  the  surface  of  the  ground.  It 
^  certain  that  these  variations  will  always  be  a  serious  problem  in 
Hining  in  this  region;  but  on  the  other  hand,  it  is  likely  that  they 
vill  in  large  degree  be  balanced  by  numerous  areas  of  excessively 
liick  beds  and  by  the  high  fuel  value  of  the  coal. 

•  See  description  of  the  structure,  pp.  42-43. 
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The  friability  of  the  cod,  if  it  penists  b^ond  the  sone  «rf  suiAcs  { 
weathering,  will  very  aeriou«ly  affect  the  maricet  vahie  of  the  anliinh 
cite.  If  the  anthracite  yields  a  large  proportion  of  slack,  ind 
especially  if  it  crushes  during  transportation,  it  will  be  at  a  deoded 
disadvantage  in  the  market.  No  openings  on  the  anthracite  have  as 
yet  been  driven  beyond  the  zone  of  surface  diaint^gntioii,  so  it  if 
impossible  to  tell  whether  or  not  the  coal  below  the  surface  is  soft- 
ciently  firm  to  stand  handling.  In  scnne  of  the  stream  beds  are  im- 
merous  pieces  of  anthracite  which  are  firm  and  hard,  indicating  eidur 
that  these  pieces  came  from  fresh  exposures,  where  the  ooal  was  not 
softened  and  broken  up  by  frost  and  other  weathering,  or  that  then 
are  beds  which  are  better  than  those  whidi  have  been  proqiected. 
An  opening  driven  to  a  sufficient  depth  on  ooe  of  the  beds  would  i 
settle  this  question.  ~  < 

The  semibituminous  c<^ng  coals,  although  equally  friable,  are 
not  so  seriously  affected  by  this  conditi<m,  for,  as  has  already  been 
pointed  out,  such  coals  will  probably  be  used  in  part  for  the  manu- 
facture of  coke,  and  when  used  as  steam  or  other  heating  coal  tliej 
will  fuse  and  form  a  solid  mass  as  soon  as  put  in  the  furnace. 

nmEVCB  OF  wAisa  am  aaa. 

It  is  probable  that  underground  water  will  be  enooimtered  in  Iirgi 
amounts,  owing  to  the  abundance  of  sur&ce  water  and  the  deep  frac- 
turing of  the  rocks.  Fortunately,  there  is  a  large  amount  of  coal 
above  the  general  drainage  level,  so  it  will  not  be  necessary  to  resort 
to  shafting  for  a  long  time.  Consequently  the  water,  although  it 
may  be  very  annoying,  will  not  add  materially  to  the  expense  of 
mining. 

Gases  have  been  encountered  in  several  of  the  longer  tunnels  and 
will  have  to  be  considered  as  a  factor  in  the  cost  of  mining.  It  will 
probably  be  necessary  to  resort  both  to  very  careful  ventilation  and  to 
the  use  of  safety  lamps.  Some  legislative  provision  should  be  made 
for  this  before  mining  begins. 

SHIPMENT. 

There  is  now  no  available  market  for  Bering  River  coal  and  there 
will  be  none,  except  in  a  limited  way  for  fuel  at  the  local  settlements 
and  oil  wells,  until  shipping  facilities  are  provided. 

The  question  of  transportation  to  the  several  harbors  under  con- 
sideration has  already  been  discussed  under  railway  routes  (pp.  28-24). 
A  modification  of  these  proposed  methods  of  shipment  has  been  sug- 
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rested,  which  involves  transportation  of  the  coal  by  shallow-draft 
Mirges  from  shoal  water  to  wharves  or  anchorage  on  deep,  sheltered 
^ater.  This  plan  is  possible,  although  it  has  the  disadvantage  of 
nterference  by  the  ice  during  part  of  the  winter. 

The  cost  of  shipping  coal  from  whatever  harbor  is  cliosen  to  the 
>laces  where  the  coal  will  be  used  depends  on  a  readjustment  of  exist- 
ng  facilities  and  rates.  The  existing  steamers,  although  they  carry 
ittle  southbound  freight  except  canned  salmon  and  copper  ore,  will 
iimish  no  adequate  facilities  for  the  shipment  of  the  output  of  a 
x>al  mine.  When  this  region  produces  coal  on  a  commercial  scale 
t  must  depend  for  shipment  on  special  coal-carrying  vessels.  The 
X!ean  rates  under  such  conditions  will  bear  no  relation  to  the  rates 
m  such  commodities  as  the  steamers  now  carry.  Comparis(m  should 
*ather  be  made  with  rates  on  ore  and  coal  on  the  Great  Lakes  and  on 
x>al  on  the  regular  ocean  routes. 

MARKETS. 

The  question  of  markets  for  Alaska  coal  is  a  vital  one  in  connection 
Bvith  the  present  activity  in  the  developments  of  coal  lands,  both  in 
:he  Bering  River  field  and  elsewhere  in  Alaska.  The  problem  has 
ilready  been  discussed  by  Brooks  «  and  by  the  writer.''  The  following 
liscussion  follows  very  closely  that  in  the  latter  paper,  but  the  sta- 
jstics  are  brought  up  to  date  and  the  estimates  revised. 

OONSUXPTIOir  OF  FUEL  IK  ALASKA. 
AMOUNT    AND    SOUKCFH. 

The  coal  consumption  of  Alaska  from  June,  1004,  to  »June,  1005,  is 
?stimated  at  110,000  tons,  derived  from  the  following  sources: 

i'ontiM motion  uf  coal  in  Alaska.  Juiu\  tiW'i,  ttt  June,  liW't, 

lAiUK  tonH. 

LtK-al   supply      _  __ '2,440 

Ini|)ortod   from   I'lilttMl   Stiitt's.  ''42,728 

luiix)rtt»il  from  foreign  countries,  cliii'tly  British  Colmnbia  ''(W,  832 


110.  iXK) 

It  is  estimated  that  an  additional  amount  of  at  least  187,000  tons  is 
L-onsumed  by  steamers  plying  between  United  States  or  foreign  ports 


«  Brooks,  Alfred  H.,  The  outlook  for  coal  minlDg  in  Alanka :  TraoK.  Am.  Inst.  Min. 
I::ng..  vol.  36,  1005,  pp.  083-701*. 

»  Martin.  O.  C.  Markets  for  Alaska  coal  :  Bull.  U.  S.  Gool.  Survey  No.  284,  1906.  pp. 
18-29. 

<*  Estimated    (the  available  ntntlHtlcH  lieiiiK   for   the  calendar  year). 

'  From  table  on  p.  07. 
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and  Alaska.  This  fuel  oomes  largely  from  the  home  ports  of  tk 
steamers  or  chiefly  from  Puget  Bound.  The  inel  of  lool  eoastwiM 
and  river  boats  is,  howei;«r,  included  in  the  total  of  llO/MO  t<»&  The 
total  coal  consumed  i^  Aladea  and  on  voyages  thereto  is  at  ksii 
247,000  long  tons.  ^ 

This  is  not  the  entire  amount  of  fuel  used,  for  then-is  a  large  bat 
unknown  amount  of  wood  burned  and  over  2,700,000  gallons  of  crude 
petroleum  and  700/X)0  gallons  of  naphtha  wwe  shipped  to  Aladn 
during  1905. 

DISFOSAU 

This  coal  is  consumed  approximately  as  follows: 

Distribution  of  coal  connmed  in  Aloika,  June.  1904.  to  Jmne,  ISiflL 


Towhb  and  mines:  ......  w..  .^ 

Sontbeastem  Alaska ^ ^l.  •42.000  '» 

Pacific  coast  from  Yakntat  io  Dutch  Harbor •  10^  000 

Bering  Sea  and  Arctic  coast .^  •28^000 


Canneries  and  cannery  boats: 

Southeastern  Alaska •0.000 

Pacific  coast  from  Yakutat  to  Chignik •6,000 

Bristol  Bay •12.000 


it 

i 


a. 

"ir 


Steamers: 

Local  coastwise  and  river  steamers  (excluding  can-  ^ 

nery  boats) : •10.000 

Puget  Sound  to  soutbeasteni  Alaska *  45, 000 

Puget  Sound  to  Prince  William  Sound  and  Cook  Inlet_  »  23, 000 

Puget  Sound  to  Nome ^32,000 

San  Francisco  to  Alaska «  7, 000 

British  Columbia  to  soutbeusteni  Alaska <^  25, 000  \' 

Foreign  ports  to  Nome ^5,000 


247.000 


The  bulk  of  the  crude  petroleum  was  used  in  Seward  Peninsula  and 
on  the  Yukon,  while  the  larger  part  of  the  naphtha  went  to  the  same 
regions,  the  remainder  being  used  on  the  Pacific  Coast.    Almost  all  j 
of  the  crude  j)eti'oleum  and  of  the  na|ihtha  was  used  for  heat  and 
power,  the  petroleum  under  boilers  and  the  naphtha  in  engines. 


*  EHtimated  from  cuHtomH  reports.    The  indlTldual  itemii  maj  not  be  exact,  but  tbe  total 
of  these  items  (110,000  tons),  as  given  in  tbe  preceding  table,  is  fairly  accormte. 

*  From  data  furninhed  chiefly  by  the  steamship  companies. 
^  Computed  from  tonnage  and  horsepower  of  boats. 
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FB08PECTIVE   INCREASE   IN    USE  OF   COAL. 


The  shipments  of  coal  to  Alaska  during  the  last  four  years  are 
shown  in  the  following  table : 

Shipments  of  coal  to  Alaska,  July  /,  1902,  to  June  30,  1906.^ 


190 

Twelve  months  ending  June  30— 

s. 

190 

Long 
tons. 

4.              \ 

1905. 

1906. 

Long 
tons. 

Value.6  1 

Value* 

Long 
tons. 

Value.'' 

Domestic  aiithnu:it6. . . . 

20 

1276 
255,841 

288  1 

Domestic  bituminouii... 
Domestic  coke   

41,704 
892 

1198.740 
2.251 

42,345 

478 
10 

187,852 

4,281 

148 

(r7,298 
846 
804 

41,481 

1265,017 
8,676 

Foxeicn  anthracite 

1.886 

Cuiadian  bituminous .. 
Other  foreign  bitumin- 
ous  



64,072 

216,  O0B  ! 

1 

63,652 
1,909 

261,987 
7.303 

59,272  '  260,110 

i 

187,812 

Foreign  bituminous, 
shipped   via    Unit^ 
States 

1 1 

40           850 

'         1                 I 
3,824  ;    23,904 

1 

5,550  I    29,678 

706 

4,838 

Total 

110,817 

472,844  ! 

110,981 

489. 185  1 

107,580 

481,657 

110,130 

462. 709 

•  Commerce  of  the  noncontiguous  territory  of  the  United  States,  Bureau  of  Statistics, 
1903.   1SM)4.  1905.  190«. 
*At  port  of  shipment. 

An  increase  in  the  consumption  of  coal  is  to  be  expected  from  the 
present  rate  of  development  of  the  region  and  from  the  initiation  of 
new  enterprises,  such  as  the  building  of  railroads  and  smelters. 
These  factors  of  increase  will  act  directly,  in  the  fuel  actually  con- 
sumed by  such  enterprises,  and  indirectly  in  the  stimulus  to  trade  and 
the  increase  in  population  which  will  result.  Neither  of  these  din^'t 
factors  will  be  large  at  first.  A  few  small  mines  along  the  railroads 
will  supply  all  the  fuel  which  they  will  consume,  while  all  the  cop- 
per ore  produced  in  Alaska  in  1906  could  be  smelted  with  less  than 
6,000  tons  of  coke.  These  items  will,  however,  probably  both  increase 
very  rapidly  and  must  be  considered  very  important  factors  in  the 
development  of  local  industries.  Mines  situated  on  the  coast  or  hav- 
ing tide-water  connections  will  probably  be  able  to  supply  a  large 
part  of  the  bunker  coal  consumed  on  both  local  steamers  and  those 
from  the  United  States  and  foreign  ports.  This  now  amounts  to 
147,000  tons,  divided  as  is  shown  in  the  table  on  page  96. 

Mines  shipping  first-class  coal  from  ports  on  Controller  Bay  or 
Prince  William  Sound  should  be  able  to  secure  immediately  half  or 
possibly  all  of  the  patronage  of  steamers  running  to  Prince  William 
Sound  and  Cook  Inlet,  provided  the  prices  are  right.  A  largo  pro- 
portion of  the  patronage  of  the  other  Alaska  steamers  can  probably 
be  secured  by  shipping  the  coal  either  to  the  Alaska  termini  of 
2180»— Bull.  335—08 7 
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thes^  lint*s  or  to  Puget  Sound  or  San  Francisco.  Thi?  aggregate  ton* 
uiigo  fjf  Alftskii  steamers  which,  accotding  to  the  i-t^porls  f>f  tht 
Bureau  of  Statist] ea  was  increasing  at  the  rate  of  G  per  cent  per 
annum  fit:>m  lW);i  to  1905,  inrreasecl  17  per  cent  from  1905  to  IWi 
A  rapid  rate  of  inci'^ase  may  be  expected  in  the  future. 


iei 


oovpixmoN  wrrs  fetroi^uk. 


The  question  of  the  i*om petition  between  coal  and  petroleum 

riously  affeett^  the  possibility  of  developing  an  important  coal 
ing  indu.stry  in  Aliuska.  The  uso  of  |>etroleuni  lias  already,  to  a  liirp 
degree,  stopped  the  mining  of  coal  on  the  Yidion  for  the  river  ?5tcaiii' 
ens  and  has  driven  out  part  of  the  imported  coal  used  botJi  there  and 
in  other  piirts  of  Alaska.  It  has  also,  to  a  large  extent,  driven  ih 
Washington,  Oregon,  and  British  Columbia  coals  fix>m  the  Saa  ¥tm^ 
cis(!o  market,  thus  [spoiling  what  might  otherwise  be  a  verj"  important, 
market  for  Alaska  coaL 
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The  import  a  tiori  of  |)etrolcum  and  its  fuel  pnxluclH  into  ^Uaski  is 
whown  in  the  following  table: 

Skipmvnijf  of  petrolmtrti  to    itatkar* 


Ftefiod* 


Crude  petroli^tiiD. 


OUlotoA.   !  e»rreU.     Valne. 


Six  months  iMiditig — 

December,  IBOa. ,,.,.„  2l»000 

June.  l«08.„ -,, ,.,„, mOOO 

December,  1903-.,,..... .,..,. ,  1,(JWC00U 

Juiip,  1TO4 .,.  i,«)H.400 

Uecember,  iy04 .,,„....,,-,.,„, J  i»CK»,oao 

Jmio.  1906 j  l,7W>,32fi 

December,  l^OS.. ...... ......*.*. J  ua.^OiiO 

lime,  1906....... 1,42S.000 

Decembern  I90e.. ,.. l,2euHl€U 


iO.OOO 

24,001 

22,263 
34.002 

mooo 


aiiOoo 

31,000 

a$,82s 

Si«03 

SlpSM 
30.400 
lApOOO 


G«11qiib.    ValiK- 


210,  W 

106,623 
4».l^ 
214,300 
ij6t,681 
219,297 


1^! 


*  MoDlhlf  unmmary  of  ct^mmcrw  and  firjaacv.  Bureau  of  StattBtlca,  1S1O2-1B08. 
EFFECT  OF  CALIFORNIA  PETROLEUM   Oil  PACIFIC  COAST  COAL  TBADE. 


1 


It  is  believed  by  many  that  the  coal  industry  on  the  Pacific  coi^ 
will  not  be  able  to  survive  this  competition,  but  that  California  petro* 
leum,  because  of  its  lower  cost,  will  ultimately  displace  coal  in  iB 
uses  to  which  •petroleum  is  applicable.  The  statistics  contained  tf* 
the  following  table  will  shed  some  light  on  this  subject: 
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iftfljfifi  nf  imtfiHCtUiH  fff  fwtroh^um  in  tiutput  and  prUx  of  catll  on  the  PtsiHfic 

coast 


I 


PredU{;£ion  of  «oa1  mx  the  Fajctflo  coml  (abort  tmi^.) 


Ainouiiu  Lj?,^ 

[per  WU: 


I; 


I: 

I: 


1.308*483 
l,2fia,777 

1,903,411 
a,2&7,207  ! 

H^SR^,  472 
aa,  1^,  473  I 


I 


7^,45S  , 
7»,M4  ' 
ft^,992 
]I4,288 

m,7os 

«4,1^  i 
ItM.ffTH  , 

77,060 
2fi.290 


2.12 

2,43 
^,i17 

2.60 
2.99 
2.S2 
1,76 
i.^ 
2.40 


pr«4^*n. 


WMhJnrt»....i     V-m^n 


Total  P*^ 
tfOD.  f 


Amount.  |pSl5^„  I  Amou^L  '^^^\  Amount. 


78,686  I 
101,721 

66.1^ 

AH.H64 
^.011 

65,  am 

01.144 
IIUMO 
100,  (Ml  i 

W.731 


t3.M 
:i.90 
2.7J  I 
3.  AN 
a  00 
S.74  I 

i.44 

2.42 
'2. 1(* 

2.M 


1.1«,410 

».18 

i,m,«M 

2.00 

l,434,m 

LW 

LSft4.M7 

1.78 

i2.029,aai 

1.78 

2,474,0fl» 

1.90 

2,S7»,317 

Lfl2 

2,6lfl,2i4 

1.72 

3,ie»,a7» 

1.^ 

S,137,fl8l 

1.6S 

1,»5*»»26 

1,7S 

s^mia* 

I,ffl 

^06^O4& 
VO0S,7fi» 
L,01I».3PD 

i,2aa,id4 

1,147,583 
1,&49,879 
1,469,g«6 
1,3»7.SS5 

1.  u\  mi 

l.llS.Wfi 

i^ase^asa 


2,371>,6Sa 
2.frlfi,6Wt 

3.625.0ftO 
4,^1,044 
4,267,973 
4,229.:ai 
4,353.  i?iW 
4,47H,996 
4, 1IK>,  136 
4,T20,5S« 


*  Mineral  Re«oarwt  V.  H.  for  lf>nO.  T\  S.  rt«?o^,  8itfvev,  1fK)7,  ii.  sai. 

*  [4em  for  1005  (im)«>,  pp.  r»ii4-S5tf :  for  imm  iinol').  pp.  *i^S-<l54. 
•Idem   for   lJ>Orj    afKHU,   pp.   ftfVl  mR2 :    for    imjft    {l!m7K   pp.    7O7-70g. 

*  Idefli    for   lOO.^V    (lIKWi,    pp.    dWiMmi  ;   for    imm    (IfM'Tt,    pp.    7:i.<-7;M, 

*  Ann,  lltpta   Mlnlfit^u'  of  MIuph,  BriTfHf]  roltimbln. 
'C^^oipiited  from  the  ather  U^ms  In  thl»  tnl^le. 

NoTK. — Tin*  prJre  of  eonl  per  ton  an  ulven  nb<'>Te  reprf^eiitB  "  spot  vjilu***'  at  lb*  mtats. 


ariatktn  in  amount  of  coat  prodticed  and  mvd  tn>  the  t*mHpL*  c^fjagt  {mHort  tonti)^ 


YenT- 

Total  Fii^iilc 
cooAlpnv 

ductioii'^ 

podltotheFa- 

Coal  COH- 
«umc)d  on  Pn- 

clflc  L'OlKlt.a 

fiiiniert  In 

sumedoo 

P^lfiCOMBt 

outtjdc 
Cftllfomiii.rt 

m.... -..- -.. 

2,B^Si& 
2»  379, 538 
2,64fi,fi93 
3,350,142 
9,92&,Q69 
4.254,044 
4,aS7,97? 
4.220,2ai 
4,3I>3,1M 
4,47:lSiW 

510,120 
4fi&.7af7 
42l,63tt 

a»,w7 

292, 6M 

309  746 
S6ft.0(U 
4.W.742 

m,o«a 

3,fl0e,715 

8,068,331 
3,696.3ft4 
3.926,{.10fS 
4.N«,fl»« 
4,674,719 
4.5W.^ 
4,  HOB,  900 
4,772,0a^ 

l,i59,520 

1,505,660 
1.601,540 
1,802,873 
1,740,027 
l.8e9,12B 
l,i$tl4,7B5 
1.445,598 

1,061,072 

1,255,195 

5  .     ,:...„..... .....:,, 

1,333, 6CF7 

B::::::::::::::::::::::::::!:: 

1,466,7*M 

l,J*yt3,9gl 

■£_ 

2,184,97ft 

B*'"" 

2,657,570 

£-—-'■*—" ■" 

:i.739.9:M 
3,151,6e«i 

Sr' 

3..^1,3't6 

Ml'' 

R,?J0,96a 

t 

•  Computed  from  the  other  Items  In  these  tables. 

*The  production  of  coal  In  1004  (advance  chapter  from  Mineral  Resources  U.  S.  for 
{>04),    U.   S.   G^l.   Survey,   1005,   p.    102. 

During  the  ten  years  (181)5  to  1D04)  completely  covered  by  these 
ables  there  has  been  an  extraordinary  increase  in  the  output  of  Cali- 
fornia petroleum.  The  production  in  1004  (20,(>49,434  barrels)  is 
H^  times  the  amount  produced  in  1895  (1,208,482  barrels).  As  this 
^as  nearly  all  fuel  oil  it  might  be  expected  that  it  would  displace  a 
large  amount  of  coal  and  that  we  would  find,  throughout  the  same 
[)eriod,  a  corresponding  decrease  in  coal  mining  and  coal  trade  not 
)nly  in  California  but  in  the  other  regions  which  supply  California 
vith  coal.  The  statistics,  however,  show  that  the  production  of  coal 
n  California  increased  from  1895  to  1900  and  has  fluctuated,  but  on 
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the  whole  fallen  off,  mnoQ  that  time.  The  production  in  Oregon  hii 
shown  an  irregular  but  quite  general  increase  during  this  ten-yeir 
period.  The  Washington  mines  have  increased  their  product  to 
almost  triple.  Vancouver  Island  mines  had  a  not  much  greater  out- 
put at  the  end  of  the  period  than  at  its  beginning,  but  showed  a  rise 
and  subsequent  fall  during  the  interval.  Shipments  from  Atlantic 
and  oriental  ports  have  decreased  somewhat  irregularly  but  very 
decidedly  during  these  ten  years.  The  amount  of  coal  consumed  in 
California  has  varied  irregularly^  but  has  on  the  whole  shown  a 
decided  decrease.  The  amount  of  coal  consumed  on  the  whole  Pacific 
coast  (north  of  Mexico)  has  increased  from  2,908,715  tons  in  1895  to 
4,681,012  tons  in  1904.  The  increase  on  the  Pacific  coast  outside  of 
California  is  even  more  striking,  the  amount  having  risen  from 
1,266,195  tons  in  1895  to  3,629,940  tons  in  1904. 

The  price  of  coal  mined  in  California  increased  during  the  period 
under  discussion,  but  subsequently  fell  (1906).  Oregon  and  Wash- 
ington cpals  decreased  in  value,  although  the  price  has  been  rising 
from  1904  to  1906.  No  figures  are  at  hand  regarding  the  prices  of 
Vancouver  Island  or  other  imported  coals. 

The  general  effect  of  the  increase  in  petroleum  has  been  to  demoral- 
ize  the  San  Francisco  coal  market.  The  gradual  increase  in.  oil 
output  from  1895  to  1900  was  accompanied  by  a  very  prosperous 
condition  of  the  coal  trade  not  only  in  California  but  throughout  the 
country.  After  this  the  output  of  oil  became  so  great  as  to  preclude 
all  possibility  of  competition  by  coal  in  the  oil  territory  except  for 
those  si)ecial  uses  to  which  oil  can  not  be  applied.  That  is,  coal  was 
forced  to  seek  markets  of  its  own,  which  include,  in  addition  to  the 
special  ones  mentioned  above,  those  districts  in  which  tlic  relative 
freight  charges  on  coal  and  oil  make  conij^etition  possible.  In  the 
former  the  price  of  coal  rose  and  the  demand  increased.  This  result 
may  be  attributed' to  the  very  factor  which  in  other  respects  demoral- 
ized coal  trade.  The  increase  in  i)etroleum  output,  furnishing  a 
cheap  and  abundant  fuel,  stimulated  general  industrial  conditions  and 
thus  increased  the  demand  for  coal  in  its  special  markets. 

The  cutting  down  of  shipments  from  the  other  Pacific  coast  fields  to 
San  Francisco  has  resulted  in  a  reduction  in  i)rices,  caused  by  the  at- 
tempt to  comi)ete  with  the  cheaper  petroleum  and  by  the  lively  compe- 
tition of  the  coal  mines  among  themselves  in  attempting  to  develop 
and  control  new  markets  nearer  home.  They  have  been  successful  in 
their  home  markets,  as  may  be  seen  by  the  great  increase  (289  per 
cent)  in  consumption  of  coal  on  the  northern  Pacific  coast  during  the 
ten  years  from  1895  to  1904.  This  means  a  large  increase  in  manu- 
facturing and  other  business  interests,  and  indicates  that  there  is  a 
substantial  j>ermanent  increase  in  the  demand  for  coal,  which  helped 
cause  the  lately  increased  price  and  production  and  which,  barring 
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wpiMxlartiuii  or  an  unlooked-for  invasion  of  petroleum^  should  lead 
&  continuation  of  the  upward  tendency  in  prices. 


W 


CAPABU.ITT  OF  COAL  TO  CO  Ai  FETE   WIT  J I   l*ETttOLE0M, 


The  following  factors  determine  the  pa^slbility  and  resnh  of  conij^- 
Uion  lictween  rxial  and  oil: 

1.  Rplnti%e  adaptiiliility  of  coal  and  oil  to  the  special  use  under 
onsidenition. 

2.  Kclutive  efficiency  of  oil  and  coal. 

3.  Rclati%e  prices  a«  detemvined  by  oost.  of  production  and  freight. 

4.  Supply  avuilable, 

I^datire  mlaptahtlth/.' — The  factor  of  relative  adaptability  deter- 
ilines  the  special  markets  for  coal  and  for  oil.  In  each  of  these 
narkets  the  other  fuel  can  not  com|3ete  at  any  i>rice.  The  Bering 
Siver  coul,  like  sonic  of  the  otlier  Ahi?^ka  coaK  is  of  such  quality  that  it 
p  csi>ccial]y  ijuitable  for  use  as  a  domestic  fuel.  As  s^uch  it  should  find 
i  widespread  market  alon^  the  Pacific  coast,  selling  at  a  high  |)nce 
b  i*^an  Fniucisco  and  the  California  nil  fields.  Competition  with  oil 
^iU  be  slight,  at  leant  until  improvementi?  ai*e  made  in  the  methods  of 
Jbuniing  oil.  Competition  with  other  coals  will  be  considei^  in 
imother  i)lace  (pp.  10r>-112), 

^  The  eoal  from  the  western  end  of  the  Bering  Kiver  field  will  pn>- 
ittoe  a  giKid  quality  of  coke  and,  for  this  purpose,  the  coal  will  not 
^sme  into  competition  with  petrohumij  hut  shoidd  sell  independent  i>f 
the  presence  and  cost  of  oil,  the  price  being  determined  solely  by  com- 
petition with  other  coking  coals.  The  present  increase  in  steel  and 
smelter  industries  will  make  great  demand  for  such  coals. 

The  Bering  River  field  will  also  furnish  a  high-grade  blacksmith 
coal.  Petroleum  will  not  compete  for  this  purpose.  In  fact,  the  oil 
fields  of  the  Pacific  coast  will  themselves  constitute  one  of  the  most 
attractive  markets,  and  any  extension  of  the  oil  fields  will  create  new 
demand  for  blacksmith  coal.  The  present  supply  of  such  coal  on  the 
Pacific  coast  is  practically  all  brought  from  the  east  at  great  cost. 

It  does  not  seem  practicable  at  prest^nt  to  adapt  petroleum  to 
general  naval  use.  Peti'oleum  will  consequently  not  compete  with 
Alaska  coal  in  this  market.  Much  of  the  Bering  River  coal  is  of 
such  quality  as  to  make  it  esj^ecially  suitable  for  use  on  warships  or 
wherever  a  high-grade  smokeless  steaming  coal  is  required.  The  only 
effect  which  petroleum  has  at  present  in  this  market  is  to  render 
other  coal  available  for  competition  and  thus  indirectly  to  reduce  the 
selling  price.  If  naval  architects  succeed  in  solving  the  structural 
and  storage  problems  which  at  present  keep  petroleum  from  being 
used  in  this  w^ay,  present  conditions  will  be  changed,  for  petroleum 
has  many  advantages  over  coal  for  this  use. 


va 


COSnMXJCB  BL%T 


JSkUtire  e0kitmef  ^  <)mI  «m#  mL— TW  fwiar  off 
n  4«l«miiM4.  ptinmrSjr  bjr  the  ipiililj  of  tke 
|M<rok«mi  Mng  mnn  mnrir 

TV  irnited  ?9Urti»  Xaral  - 
MliMriiiilf  ranlt«  frum  UsiMs  with  the 
Iwiler: 


K^fmfrmiemi  ^frmpwmtkm  ffts/m  mmi  mi  ttUT  F.  pet  j 


4'Mhf$0n$im  petn^Umm  imretm^  of  2C» 
Mfxtvrvr   Mr«ip»9  #i^  ]t««anoDt  and  CUfforate 
2  t#«t«i  1 


I 


fS^mir«l/mi  ^rmpormikm  fnim  mm4  mi  ItT  F.  ptr 


mt  CMl  M  )frv«i.* 


fv^iiWiritJiK  #irjai«  nm  «if  mln^  lavvfa^p  of  teats  1  ta  3) 

Atfmfymtun  trtml,  nm  fif  mine  (arcraipK  of  teata  4  to  0) 

S4m  HlrtfT  *fm\,  nin  tit  m\ut  (ar«ni^  of  teats  7  to  9) 

I'tfttkhtmimn  ttmU  tuiml  frfcknl  and  Mxemcd  (arcta^e  of  teats  10  to  17) 


Krvnn  MiHi  <»n  «ir  tiaip  of  erjal  that  waa  fproogM  into  tka 
wflN  ta k«^i  arul  ffillertad  In  a  beau  no  tliat  tbeie  oonld  be  llorwanled  for  umlpif 
u  fair  Nttuif^  of  the  focfl  med. 

Tb««  follf/wlnic  tabli;  Ktreii  the  reaalt  of  the  analjraea  of  aunptea  of  each  lot  of 
viml    'flii*  Himlym'H  wtf«n-  ifmd«*  by  the  chemist  at  the  New  York  Xavr-Ytrd:' 

.1  nnltfMt'M  of  if  Ml  uneil  in  tf^mparatirc  fuel  tent*. 


l^ff-MhoiifH"  ftm\.  rtiii  of  riiiiM', 
iiw«l  In  fi-^tN  I  lo  3 

ffH-nhoiitH*  f'(r(il,  run  of  in]n<-. 
MN«I  In  N-Mii-I  to« 

N*-w  Itlvi-r  vttn\.  run  of  niliH-, 
uw<l  in  K'ntw  7  to  y 

Vitti%\utU\nm:iM\,  hH.\\i\  |»ir-k«f<l 
Hn<l  *H'rc«*tii*fl,  n.M'd  in  t(*«'l'« 
10  iol7 


Moi)itur<:. 

0.  W 

.7'J 


Volatile 


Fixed 
carbon. 


8ulpbur.       ^ 


17.61 
19.63 

:n.79  . 

19.fi2  . 


73.30 

8.60 

0.48 

tK 

7.'>.  78 

3.9D 

.n 

J.* 

?2.99 

4.73  ] 

.46 

iSi 

76.81 

2.84  i 

.73 

a« 

C'HrUin. 


riH-ii)iontHM<'oiil,  run  of  mine, 

niM'i!  in  |4'mIn  I  to  :i 

I'iM-iihontiiN  roiil,  run  of  mine,  i 

UM'il  in  UMh  4  1o«; 

Nf'W  UlviT  colli,  run  of  mine.  | 

nwil  In  |4'NtM  7  loll 

l'(HiiliontHNroiil,hiiri(1  picked  ' 

Mini  fccriH'ncM,  u««c«l  in  t«'«tM  . 

HMo|7 


•JM.iM; 


h:i.94 


»y<lro- 


3.K9 


4.Hr>  I 


Oxygen. 


XltPO-    I 
gen.     I 


I 
Solpbur.       Ash, 


5.4(> 
4.87  ! 


0.64 

.90 

1.41 

1.14 


0.49 
.71 
.46 


8.60 

aoo, 

4.81  I 


B.  t.  J. 

liS* 
14,*« 


8.15  1      H* 


■  Hcj.i.  r.  S.  Niivul  ••  M(|ui(l  Ku«'l  "  Hoard.   11M)4.  pp.  250-252. 
'•  op.   cll..   p.   52. 
•  Op.   cll..   p.    10. 
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'olio wing  etinehisions  are  stated  in  (he  ri'port:*' 

Ifttlye  pvft  porn  the  t*fllclenc,v  of  o\\  unrt  ^on}  «»  a  fuel,  n^  determlOHl  by 

Qd^  series  of  rrMnjinrJitlvp  csjw^t'Ji'i^^**''  ^^  jmictkiillr  in  the  proper- 
Tt  to  10*  Tilt*  arluiif  Bii|H?rioHly  of  till  will  br  t.'<niisti1f*ralily  f^'wit4*r,  for 
fli  exj>erlmeuts*  uritisiinl  skill  wn^  exeiT!f4*nl  kv  the  lutuuiicement  of  the 
imp  coal  of  siji»erh>r  nimJlty  whh  used :  and  as  the  testw  with  coal  wei*** 
imtively  short  dnniiiou,  tUc*  n'sulthig  loss  from  clt^inlng  flri?i«  was 
B  than  wonUl  occ*iir  In  actnitl  ?5*'rvkn\  Tlie  oil  expeHiiients,  liowev^^r, 
ried  on  under  cosiilltloDH  tlmt  more  elow^ly  ajHiro-vliiifttetl  thotse  ihiit 
set-itred  on  Umnl  thf^  ttori-tPfjliiK  vcrtw*].  The  a<lual  evaijonitivc 
of  n  TMHiiiU  of  oil  lis  oomimri>«]  with  a  [Hinnd  of  roal  wlH  thei'erort^ 
^  ratio  of  17  to  10,  tiix<l  tlu'st*  liKurtv*  l-hh  b^  regartletl  an  snbstuntlally 


Ing  the  comiJJirfltlve  economical  eillcleneyj  tur  nrivfjl  joiriioBes,  of  oil 
there  must  also  he  taken  Into  conatdevatloii  th**  fact  that  a  ton  of  oU 

towed  In  f^omewhat  Ic*t«!»  sfiace  than  a  ton  of  liitumlnou!^  coaL  Then, 
murtt  lie  eonnldered  tliat  in  the  carrying;  of  the  oil  thi-  roaifwirtmenti* 

hOre  coDiiiJetely  tilled.    The  relative  i*fhek*rM*y  of  oil  and  jt^mkI  Hteanikig 

1  the  luivul  HtaiidiHilnt  of  fuel  KU|i|ily   ia  war  Kh$[m  muy   thn&  be  re- 

n  In  the  ratio  of  IS  to  10. 

B  lonnd  by  comparative  te.^ts  of  cotil  uiid  nil  on  tli*^  steamship 
a  between  San  Franc ist'o  and  Honoluln  that  tlie  efficiency  of 
eights  of  oil  fuel  and  a  mixture  of  British  Columbia  and 
ia  con  I  was  in  the  ratio  of  L42  to  1,  or  that  1  ton  of  coal 
4.10  barrelK  of  oil. 

"ollowing  quotations  will  show  the  relative  values  of  various 
comparison  with  petroleum: 

lave  proved  that  1  pound  of  California  petroleum  used  on  a  passenger 
re  evaporated  10.96  pounds  of  water  from  and  at  212**  F.,  as  compared 
[  pounds  of  water  under  like  conditions  evaporated  by  1  pound  of 
Ituminous  coal,  or  4  barrels  of  oil  did  the  work  of  1  ton  of  coal.  This 
below  the  results  attalnetl  by  other  tests,  which  in  many  eases  showed 
1  Si  to  3i  barrels  of  [►etroknini  did  the  work  of  1  ton  of  coal.^ 


1 


Compari.son  of  jtrtntlrutn   with   various  coalaS 


Com  bust  ibh> 


I  Barrels  of  \ 
1  Pounds  of  |p<^troleumre-  .,  .  f  , 
1  water  evapo-  (iiiired  to  do  I  ^^^f  ^^^"^^ 
|ratedat212<'  the  same  i  „«»«!  netro- 
F.  per  pound  amount  of  ^Tum  at 
'  of  er)m-  evaporation  «,  vf  "^o^,,i 
bustib'e.         as  1  ton  of    j  «1  P^r  barrel. 

I        coal. 


16otol8°Baum<:-... 

p,  Wales 

w,  Canada 

Jritish  Columbia  . . . 
»,  British  Columbia. 

lingrton 

1,  Waahington 


16.0  I 
10.0 

9.2  , 

7.3  ! 
8.9 
7.6 
7.6 


4.0 
3.7 
2.9 
3.6 
3.0 
3.0 


I^ss  10  per 
cent,  owing 
to  the  greater 

economy 
in  handling 
petroleum. 


$4.00 
3.70 
2.90 
3.60 
3.00 
3.00 


$3.60 
3.33 
2.61 
3.24 
2.70 
2.70 


:..  pp.  417-418. 

nt,  F.  H.,  The  production  of  petroleum  In  1901:    Mineral  ResourceB  U.  S.  for 

1.  Geol.  Survey.   lOO'J.   p.   T^HX 

nt,   F.   H.,  The   production   of  petroleum   in   1903    (separate  from   Mineral   Re- 

.  S.  for  1003) ,   r.   S.  fJeol.   Survey,   1904,  p.  170. 
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equivalent  of  only  1.7  or  1.8  times  the  coal  then  bomed  on  the  Pluafic 
coast  of  North  America  alone.  In  1906  the  oonsomption  <rf  foel  oil  in 
California  exceeded  the  production  in  that  State.*  It  would  appear 
from  this  that  the  supply  of  fuel  petroleum  must  increaae  twj  mud 
before  it  will  be  possible  f<M*  petroleum  to  make  much  greater  in- 
roads  into  the  coal  market  without  ultimately  causing  a  reactionaiy 
advance  in  prices.  Such  an  increase  from  the  present  producing  oil 
fields  is  not  probable. 


ALASKA   OOAU 

There  are  many  districts  in  various  parts  of  Alaska  which  may  pro- 
duce coal  either  for  local  use  or  for  shipment.  It  is  impartant  to  con- 
sider all  of  these  because,  while  only  those  which  poflseas  coal  of  the 
best  quality  could  compete  with  Bering  River  coal  in  outside  markets, 
most  of  them  must  be  regarded  as  possible  sources  of  lodU  supply,  tnd 
may  thus  restrict  the  market  which  the  better  coal  can  reach. 

The  writer  has  recently  published  a  brief  summary  *  of  existing 
knowledge  of  Alaska  coal,  which  has  been  extensively  drawn  upon 
in  the  preparation  of  the  following  pages. 

Distribution  and  area. — ^The  distribution  of  the  coal  fields  of  Altflb 
is  indicated  on  the  map  (PI.  X),  which  shows  (1)  known  artts 
of  workable  thickness  of  high-grade  coal  (anthracite  and  semi- 
bituminous) ;  (2)  known  areas  of  workable  thicknesses  of  lower- 
grade  coal  (bituminous  and  subbituminous) ;  (3)  known  areas  of 
workable  lignites,  and  (4)  areas  of  coal-bearing  rocks.  The  last 
includes  those  areas  which  are  known  to  contain  some  coal  but  in 
which  beds  thick  enough  to  be  mined  have  not  yet  been  discovered, 
ai'eas  in  which  coal  has  been  authentically  reported,  but  conceming 
which  detailed  information  is  lacking,  and  areas  in  which  the  char- 
acter of  the  rcx'ks  is  similar  to  that  in  neighboring  coal  fields  and 
where,  consequently,  the  occurrence  of  coal  is  to  be  expected.  These 
statements  apply  also  to  the  table  of  areas  given  on  p.  107.  The  areas 
mapped  as  "  coal-bearing  roc*ks ''  are  consequently  not  well  defined 
and  must  be  regarded  as  subject  to  considerable  changes  by  subse- 
(juent  exploration.  They  are  intended  to  indicate  the  regions  in 
which  new  discoveries  of  coal  seem,  in  the  light  of  our  present  knowl- 
edge, to  be  most  probable.  The  extent  of  the  various  areas  noted 
above,  as  well  as  the  ai-ea  of  each  individual  coal  field,  is  shown  in 
the  following  table,  wiiich  gives  a  total  of  at  least  1,238  square  miles. 


«  (irlswold,  W.  T.,  Mineral  Reaources  U.  S.  for  1JK)6,  U.  S.  Geol.  Surrey,  1907,  p.  821- 
*  Martin,  (J.  C.  The  Alaska  ooal  fields:   Bull.   XT.  S.  Geol.  Surrey  No.  814^  1907.  Pf 
40-46. 
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r  792.JJ20  acres,  of  known  workable  coal,  iin*l  12^^1%  sqnare  miles, 
r  8,048,tj40  acres,  of  "  coal-bearing  rocks:  " 


I  Square  juil^H'J 


ntlincflei 

Bering  River,,,,. > 


emiUtmrniiKTUn: 

fieritig  lUver . . 

Mutatitjuka  River, 
Ciip«'  Li«buiiK' .... 


Jtuminotis: 

HnUntuka  HJver., 
Aljii^kii  PenLnfiula.. 

Yii  toil  Biiiilri ,  * , 

C*T^if  Llsbiirne  . . ... 
AimMtuvnic  River., 


Tot«]  iLTithnM.>lle  a.fid  tjitiuajtioiis., 


Ignite: 

Sotttben^torii  AJiidJca, . 
CiKfk  Inli't  re0oii. . , . , 
^kni  t1  nr  ent  em  A  lim  ka  . 
f  \jp(.>t:r  Ri  ve  r. , ,  „ ,  ^  ^  ^  ^ 

NorUiem  Aliu^ . . 


amnd  unukl . 


C(»*1 


»L4 
4.2 


ao.fi 


113 


^.7 


22.0 

107.0 

20&w0 

0,0 


Aresat> 
bearing' 


430 


€ri,Q\ 


5.i?ii 


£67.^  I 


a,  990 


10. 0  I 

l&O  I 


52.Q 
83.0 


SB1.0 


t,3I^O 


GO 

2,566 

BUO 

20 
1,567 

in 


S,W4 


12,576 


•  The  difference  between  the  areas  given  liere  and  those  which  have  been  published  else- 
rbere  is  due  chiefly  to  the  recognition  of  four  classes  of  coal  instead  of  three,  and  the 
:>n8equent  division  of  the  Lisburne  areas  into  semibituminous  and  bituminous  and  of  the 
alcon  areas  Into  bituminous  and  lignite,  and  of  similar  changes  in  other  smaller  areas. 

*  See  explanation  on  p.  106. 

Pacific  coast  region. — Tlie  Pacific  coast  coal  fields  (which  include 
he  Bering  River  field)  are  of  moderate  area  but  of  wide  distribu- 
ion.  They  include  both  Mesozoic  and  Tertiary  coals,  having  a  coni- 
dete  range  in  composition  from  a  good  quality  of  anthracite, 
hrough  high-grade  semibituminous  steam  and  coking  coals  and  ordi- 
ary  bituminous  coal,  to  lignites  of  various  character.  The  coal  beds 
re  frequently  of  great  thickness,  especially  where  the  coal  is  of  high 
arbonization,  but  unfortunately  there  usually  goes  with  the  high 
rade  of  coal  and  great  thickness  of  bed  an  irregularity  of  geologic 
tructure  unfavorable  to  mining  conditions.  The  Pacific  coast  coals 
re  in  general  favorably  situated  for  shipment,  and  in  this  respect, 
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ir  ^  hiirtii*ti'4\  olTer  poss]bilit]e.s  for  a  larger,  mnri^  regular* 
rtiarket  than  any  of  the  other  Aln£J£»  roals.  h 

></Km* — Tilt  ijiterior  region^  which   is  here  defiDeil  t^ 
tarluiii*  the  vttlK'jM  uf  Copper  and  Yukon  rivern  ami  their  trihw- 
luttituiriH  C'nvtaceous  bituiDluous  coal  on  the  lower  Yukon  and 
Uurv  li^iite  ami  Mubbitaminous  coal  on  the  upper  Yukon  and  m 
fUiis  I'uimntt,  Koyiikuk^  and  Copper  river  basins.    None  of  this  coii 
Uii  «4uitabk*  for  uxiK>rt^  but  it  may  be  of  considerable  im]>orta]ict'  i||j 
'  luiuil  fuel*  ^' 

iiermg  He  a  and  Arrrti^  slope. ^-Tbi^  coal  of  this  legion  has  gjeat 
l^ffffi  in  geologic  age  and  great  variety'  in  character.  Coal  is  present 
^  ^  Carboniferous,  Jurassic,  Cretaceous,  siTid  Tertiary.  In  thc 
Pl^  Lidbume  region  Carboniferous  semibi turn i nous  and  Jurassic 
bituminous  ocmls  occur,  and  in  the  Col\itle  basin  Cretaceous  bitu* 
milious  coal  and  Tertiary  lignite  are  present,  fn  other  re^ons  {cs- 
O^pt  at  Wainwrigfat  Inlet,  where  the  ooal  is  Jurassic),  the  coaL  so  far 
HA  is  nowimown,  is  of  Tertiary  age  and  is  lignite,  M 

It  is  not  likely  that  any  of  this  coal  is  of  imniediate  value  for  otheff 
tbim  local  use.  Hie  high-grade  coal  at  Cape  Lisburne  may  find 
IMl  extensive  market  at  Nome,  but  the  shipping  problems  are  serioiis. 
The  other  ooal  is  of  such  character  that  its  market  must  be  restricted 
to  local  r^ons,  in  which  the  cost  of  better  imported  coal  is  high.  It 
may  be  of  extreme  importance  and  of  great  value  in  local  opera  tio]t%S 
but  it  is  not  good  enough  to  ship  very  far  from  the  mines. 

Developments  and  prodiieiion^— The  coal-mtning  industry  ol 
Alaska  is  still  in  a  practically  undevelc^ped  condition*  Coal  has  Ijoen 
mined  intermittently  and  on  »  small  scale  at  several  places  for  many 
years,  but  the  industry  has  never  l>een  of  nuich  importance,  the  maxi- 
mum total  production  of  all  Alaska  in  any  one  year  being  less  than 
7,000  tons.  This  has  been  Ijecaiise  the  l>etter  coal  has  not  been  well 
known  until  recently  and  can  not  i>e  sliipped  without  railway  connec- 
tions from  the  mines  to  tide  water,  aiid  also  l>ecause  no  adequate  pro- 
vision has  been  made  for  gi*anting  title  to  sufficient  tracts  to  assure 
profits  on  the  large  investments  which  arc  n?quii*ed. 

The  most  active  mining  o|k^ rat  ions  luivi^  lx»en  on  Cook  Inlet,  on  the 
Alaska  Peninsula,  on  the  Yukon j  in  Seward  Peninsula,  and  at  Cape 
Lisburne.  All  of  these  were  eai'ried  on  to  obtain  local  fuel  ou  siu^H 
coastwise  or  river  steamers,  at  mining  camps,  and  at  canneries. 

The  most  important  developments  which  are  now  going  on  outside 
the  Bering  River  region  are  preparatory  to  mining  the  high-giade 
Matanuska  coal  on  a  large  scale  for  shipment  away  from  the  cotl 
fields.  This  coal,  much  of  which  rivals  the  Bering  River  coal  iB 
amount  and  quality,  is  adapted  to  use''  on  tjcean  steamers  and  rail* 

in,  G.  C,  A  reconnaisRance  of  tbe  Matastiika  coal  fl<!ld«  Alatka*  In  ISKMi:  fioll 
1.  Survey  No.  280,  190G,  3G  |>p. 
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rays  and  for  the  manufacture  of  cokc\  and  for  other  purposes  for 
rhich  high*grade  coal  is  required.  Before  thin  coal  can  be  mined  it 
rill  he  necessary  to  build  about  150  miles  of  railroad."  It  is  believed 
tat  this  project  is  legitimate  and  that  if  favorable  title  can  l>e  ob- 
pined  the  field  will  1 50  producing  on  a  large  scale  within  a  few  years, 
I  railroad  is  now  under  construction* 

The  coal  of  the  interior  and  nortlic*rn  parts  of  Aluska  will  i)rob- 
bly  Iw  dependent  for  its  market  on  local  dcimand  as  long  as  tietter 
Qul  is  being  mined  in  other  regions — that  is»  it  can  now  be  sold  only 
rher^  excessive  fi*eight  rates  on  outside  coals  give  it-  the  advantage, 
tis  local  demand  will  depend  chiefly  on  miniiig  camps  and  will  ht*. 
fansient  or  permanent,  according  to  whether  the  mining  camps  are 
lacer  or  lode.  Such  coal  fields  of  the  interior  as  may  be  on  the  line 
f  railroads  or  near  lode  mines,  especially  if  the  ores  are  smelting 
pes  and  the  coal  capable  of  coking,  will  attain  consideralile  impor- 
ince,  but  these  conditions  are  contingent  on  future  discoveries  and 
evelopments,  whic^h  can  not  be  foi'etold. 

Character  of  Almka  caah — ^The  character  of  the  cool  in  the  Alaska 
jal  fields  has  Ijeen  stated  in  the  previously  published  descriptions 
f  the  various  fields  and  has  been  referred  to  in  the  preceding  pages, 
^  detailed  distnission  of  this  subject  is  consequently-  not  necessary 
ere.  The  following  table  is  a  summary  of  all  the  analyses  of  Alaska 
oal  which  have  l>een^nuide  for  the  X^'nited  States  (feological  Survey. 
ud  will  show  approximately  the  character  and  comparative  value 
f  the  coal  from  the  various  known  areas. 


Analyses  of  Alaska  coals. 


District  ftud  kind  of  coal. 


I  Mois- 
I  lure. 


Vola- 
tile 
matter. 


Fixed 
carbon. 


Aah. 


Sul- 
phur. 


Pnel 
ratio. 


ANTHRACITE.  i 

Bering  River,  average  of  7  analyses 7. 88 

Matanuska  River,  1  sample 2. 55 

SEMIANTHRACITE. 


t.  Bering  River,  average  of  11  analyses. 

SEMIBITVMINOUS. 


6.15 
7.08 


78.23  I 
84.82 


►.  Cape  Lisbume,  average  of  3  analyses 3. 66 

t.  Matanuska  River,  coking  coal,  average  of  16 

analysis 2. 71 

BITUMINOUS.  I 

'.  Lower  Yukon,  average  of  11  analyses '      4. 68  i 


8UBBITUMINOU8. 

.  MataniiAka  River,  average  of  4  analyses . 

.  Koyukuk  River,  1  sample 

,  Nation  River,  1  sample 

,  Alaska  Peninsula,  average  of  5  analyses . 

Cape  Lisbume,  average  of  11  analyses  . . . 

Anaktuvuk  River,  1  sample 


6.56 
4.47 
1.39 
2.34 
9.a5 
6.85 


17.47 

I 
20.23  1 


31.14 


35.43 
34.32 
40.02 
38. 6« 
38.01 
36.39 


75.95 
65.39 


7.74 
6.05 


.  Bering  River,  coking  coal,  averaare  of  28  analyses.       4.  is      14.00  |    72.42        9.39 
Lisbume,  average  of  3  analyj 


2.92 
11.60 


56.62         7.56 


1.30 
.57 


1.08 


1.73 
.% 


.57 


12.86 
n.90 


8.77 


5.28 
4.46 


1.90 


49.44 

8.57 

.37 

1.40 

48.26 

12.95 

1.40 

55.55 

3.(M 

2.9K 

1.39 

49. 75 

9.22 

1.07 

1.30 

47.19  t 

5. 45 

.:^ 

1.24 

43.38  1 

18.38 

.54 

1.20 

-Brooks,  Alfred  H..  Railway  routes.  Bull.  U.  S.  Oeol.  Survey  No.  284,  1900,  pp.  10-17; 
lilway  routes  in  Alaska,  Nat.  Geog.  Mag.,  1007,  pp.  165-100. 
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a  Tormt^f  Ouitw«11  River. 

S.  Ball.  U.  B.  tfcol  anrrvr  !f<^,  284,  190e,  p.  9B,  Analjila  L 
S.  ThU  report,  p.  84. 

4.  Thli  reports  p.  84. 

0.  BulL  rj.  S.  (MiL  Burrt^f  Xq,  ST8,  1i>0«.  p.  47,  mamljmtm  It  to  1ft. 
e.  But  I.  It.  H.  Ucol.  ftQrr«y  No,  2m.  mm.  p.  tW.  aoftlnM  3  to  17. 
T.  Bull.  Ih  a  Geol.  Burvej  No.  :;illp  J(!0?i,  pp.  fl2.  m.  auliics  90;  S8  to  S8. 

5.  Boii  IL  a  Geol.  Btirvef  Kij.  284,   l&tNt,  p.  ItA/ jinslTBra  18  to  21, 
1^.  Bull.  n.  B.  a<*oL  BarTt.<?  Ntv,  21M.  UWi  p,  (i:^,  nnalyitv  3& 
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IMl»ORTED  COAL. 

The  coal  which  is  now  being  shipped  to  Alaska  is  derived  from  the 
following  sources:  Vancouvor  Island,  Piiget  Sound,  Australia,  the  ' 
Api)alachian  region,  and  Wales.    Alaska  coal  will  not  only  have  to 
compete  with  thes(»  at  home,  but  if  it  seeks  a  more  extended  market 
will  also  meet  these  coals  on  Pnget  Sound,  at  San  Francisco,  and  in 
the  navy-yards  and  coaling  stations  of  the  Pacific,  and  will  also  com- 
pete to  some  extent  with  the  coal  now  being  mined  in  California  and 
Oregon.    It  is  consequently  imj)ortant  to  compare  the  character  of  ' 
the  Alaska  coals  with  that  of  all  those  with  which  they  may  come  into  | 
competition.    This  may  be  done  by  inspecting  the  following  tables 
of  analyses,  wliicli  are  the  best  available  substitutes  for  actual  prac-  I 
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its  and  which  may  be  relied  on  to  give  a  close  approximation  to 
lity  and  value  of  the  coal : 

Average  composition  of  Pacific  coals. 


Dtotrict  and  kind  of  coal. 


ombia.  Crows  Nest  Pass,  average  of  10 
ab 


umbia,  Comox,  average  of  9  analyses  bed 
ambia,  Nanaimo.  average  of  6  analyses 


D,  Wilkeson,  average  of  7  analyses  foh 
n,  Cokedale,  average  of  8  analyses/ h  .. 
Q,  Blue  Can  von,  average  of  8  analyses/  9 ' 
n.  Carbonado,  average  of  15  analyses  gi.. 

D,  Roslyn.  average  of  9  analyses  ^9*' 

D,  Franklin,  average  of  6  analyses/  o 

Q,  Renton,  average  of  10  analjrses  vh 

Q,  Newcastle,  average  of  5  analyses/ 9 

n.  Black  Diamond,  average  of  4  anaIyses/% 

08  Bay,  average  of  4  analyses/ 

average  of  10  analyses/ 

rage  of  8  analyses'? 

)  (Cebu)  average  of  9  analyses ' 

)  (Batan),  average  of  6  analyses ' 

Wales,  southern,  average  of  21  analyses"* 
Wales,  western,  average  of  IS  analyses"* 
Wales,  northern,  average  of  77  analyses  m 


1.09 
1.18 

2.12 
.92 
1.27 
l.«2 
1.67 
2.68 
8.22 
4.48 
7.61 


Vola- 
tile 


I  Fixed 
carbon. 


21.07 
28.41 

34.07 
27.15 
28.04 
82.63 
33.11 
34.37 
35.40 
36.01 
37.69 


4.44 

40.50 

10.41 

46.15 

11.32 

45.09 

2.62 

42.49 

14.00 

31.08 

13.57 

36.91 

.97 

28.10 

1.87 

81.49 

1.92 

as.  09 

70.54 
62.91 

55.94 
61.82 
62.30 
60.47 
56.74 
52.75 
63.82 
51.17 
48.94 
51.73 
36.85 
35.91 
60.07 
60.63 
44.92 
66.26 
62.61 
64.08 


7.29 
7.49 

7.93 
10.11 
8.39 
5.28 
8.48 
9.87 
7.55 
8.28 
5.86 
3.33 
6.69  I 
7.68 
4.82 
4.H6  , 
4.60 
10.67  I 
14.03  i 
8.91  ' 


0.87 
1.54 

.64 
1.42 
.34 
.58 
.94 
.24 
.15 
.61 
.48 
.44 
1.02 


Fuel 
ratio. 


.92 


.46 
.63 
.64 


3.36 
2.21 

1.64 
2.28 
2.22 
1.85 
1.71 
1.53 
1.62 
1.42 
1.30 
1.28 
.80 
.80 
1.18 
1.64 
1.22 
2.88 
1.67 
1.62 


econd  Ann.  Rept.  U.  S.  Geol.  Survey,  pt.  3.  11><>2.  i 
t.  Washington  Geol.  Survey,  Vol.  2,  il>02,  p.  270. 
ite  Inspector  of  Mines,  Washington,   1901-2. 


•2.  pp.  490,  501,  510. 


Rept.  Geol.  Survey  Canada.  Vol.  3,  pt.  2.  1887-8,  pp.  12T-15T. 
Rept.  Minister  of  Mines.  British  Columbia,  for  1902,  p.  262H. 
Rept.  Geol.  Survey  Canada,  1872-3,  pp.  76-78. 
Rept.  Geol.  Survey  Canada.  1876-7,  p.  468. 
Rept.  Geol.  Survey  Canada.  1882-1854,  p.  37M. 
:y-8econd  Ann.  Rept.  U.  "    '^     *    ~ 

Rept.  > "     ■ 

State 

Rept.  Washington  (ieol.  Survey.  VoL  1.  1901.  IMs.  XXV.  XXVII. 
ry  of  California,  Vol.  3.  p.  48. 
es  of  the  geology  of  Japan.  Imperial  Geol.  Survey  of  Japan,  1902,  p.  190. 
ja\  measures  of  the  Philippines  (report  to  the  Ignited  States  military  governor 
ilippines).  War  Department,  1901,  pp.   178-181,  256-259. 
al  resources  of  New  South  Wales,  1901,  pp.  324-348. 


Avcragv  cotttpftHition  o/  rastrrn  coals. 


let  and  kind  of  coal. 


I  Mois- 
I   ture. 


Vola- 
<  tile 
'  matter. 


,  Fixed 
.carbon. 

I 


Ash. 


Sul-     Fuel 
phur.l  ratio. 


Remarks. 


)ia,  anthracite,  average  of 

8.0 

Pa.,  semianthracito,  aver-  ! 

nalyses.  a 

»,  W.  Va. .  semibit\iminoa'4.  , 

•f  38  analyses,  b 

%k.  Md..  semibituminow?.  : 

»f  68  analyses,  c 

le.  Pa.,  bituminous,  aver-  : 

nal  vses.  rf 

W.  va.,  bituminous,  aver- 

analyses.  ** 


3.39  ! 
1.49  I 


1.07 : 

.75 


3.81  ! 
11.07 
17.43  I 
IS.  81  , 
32.70  ' 
38.16 


83.79     «.42     0.69  i  22.33 


78.88     7. 


72.96  I 


69       .86  ' 
I 
63       .r.2 

26      l.Ol  I 

.81 


.13 


60.28  !  6.05 
54.63     6.45    2.80 

I 


I>omestic  coal. 

ho. 


4. 46     Steam  and  coking 

COttl. 

3.89     Steam  coal. 

1.84     Coking  ccml. 

1.43     Coking/      and 
steam  coal. 


Rept.  Geol.  Survey  Tennsvlvania.  1885,  pp. 
- 905, 

Vol.  5.  1906, 

la.  Vol.  MM. 

rginia.  Vol.  2.  18._. 

bosphorus  in  these  analyses  ranges  from  0.0019  to  0.037,  averaging  0.0117. 


,,     313,  .ni8. 
Geol.  Surve\'  West  Virginia.  Vol.  2.  19^5,  pp.  695.  696,  700. 

Get"     *  '^ 

sylvanla.  Vol.  MM,  1879.  pp.  21- 
Geol.  Survey  West  Virginia.  Vol.  2.  1903.  p.  209. 


1903,  pp. 
Teol.  Survey,  Vol.  5.  1906,  pp.  631-633. 
Geol.  Survey  Pennsylvania,  Vol.  MM,  1879. 


Maryland 


ly  be  seen  from  the.se  tahle.s  that  the  Bering  River  anthracite 
equivalent  among  the  coals  now  being  mined  on  the  Pacific 
id  that  it  compares  favorably  w^th  Pennsylvania  anthracite. 
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It  ought  to  be  put  into  the  San  Francisco  and  other  Pacific  coast 
markets  at  a  cost  far  below  that  of  eastern  coal,  in  which  case  it  should 
have  no  difficulty  in  entirely  supplanting  the  latter. 

The  Bering  River  semibituniinous  (like  part  of  the  semibituminoiis 
coal  from  Matanuska  River)  is  also  better  than  anything  that  is  being 
mined  in  the  West.  These  coals  are  the  equivalent  of  the  Pocahontas, 
New  River,  and  Georges  Creek  coals  of  the  East  and  are  eminently 
adapted  for  use  on  warships  and  for  other  purposes  for  which  a  high- 
grade,  pure,  "  smokeless  "  steaming  coal  is  required ;  and  for  these 
purposes  will  command  a  considerably  higher  price  than  any  coal 
that  is  now  being  mined  on  the  Pacific  coast,  or  if  offered  at  equal 
prices  should  readily  drive  the  latter  from  the  market. 

Part  of  this  coal  will  produce  an  excellent  quality  of  coke,  better 
in  fact  (except  possibly  regarding  content  of  phosphorus,  regarding 
A^hich  few  data  are  available)  than  coke  which  can  be  produced  from 
any  of  the  Washington  and  Vancouver  Island  coals  and  equal  to  the  ^ 
coke  from  Crows  Nest  Pass.  If  an  important  smelter  industry  grows 
up  in  Alaska,  as  now  seems  possible,  the  Bering  River  coking  coal 
should  have  the  advantage,  both  in  quality  and  in  transportation 
rates,  over  any  coking  coal  which  is  now  being  used  on  the  Pacific 
coast. 

PETROLEUM. 

INTRODUCTION. 

LOCATION  OF  THE  OIL  FIELD. 

The  Controller  Bay  petroleum  field  is  located  in  the  southern  p?irt 
of  the  mainland  re<rion  discussed  in  this  report.  The  localities  at 
which  there  are  indications  of  petroleiun  are  confined  to  a  l>elt  about 
25  miles  long  from  east  to  west  and  4  to  8  miles  wide  from  north 
to  south  (see  fi^:.  '2).  This  ])e]t  is  adjoined  on  the  north  in  part  by 
the  Bering  Biver  coal  field.  Its  southern  border  is  formed  by  Con- 
troller Bay  and  the  Pacific  Ocean  and  by  the  alluvial  flats  on  the 
east  shore  of  Controller  Bay.  The  eastern  and  western  tennination> 
are  Berin^r  (Tlacier  and  tho  Copper  Delta,  respectively. 

OEOLOOIO  CONDmONS  IN  THE  OIL  BELT. 

The  rocks  which  outcrop  within  the  oil  belt,  as  shown  on  the 
^eol()<ric  map  (PI.  V.  pocket),  are  chiefly  the  various  members  of  the 
Katalla  formation  rej^resenled  in  the  section  of  rocks  south  of  Bering  i 
Lake  a:»  ^iven  on  p.  37.  In  addition  to  these  some  of  the  metamorphie  ' 
rocks,  the  Quaternary  deposits,  and  the  dikes  described  on  page? 
'24-42  are  represented.  The  structure  has  been  described  on  page-: 
43-4G.. 

I 
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L  Active  EitemptB  to  liroduce  petroleuin  in  commercial  quantitiet^ 
I  thif^  region  hdve  l>epTi  nnido  for  tlio  Inst  five  years.  The  liv^t  ivell 
'as  begun  in  the  summer  uf  U)01,  but  no  oil  was  produced  unci  no 
peat  depth  was  reached,  iis  the  took  were  soon  lost  and  the  well 
banctoried.  The  next  year  (l[M>i)  the  same  people  drilled  another 
*ell  and  obtained  some  oih  Six  wells  were  Iwiiig  drilled  in  IW4. 
Shf  following  year  (11)04)  witnessed  the  gi^eatest  activity  that  this 
l^ion  has  seen,  eight  wells  being  in  progress.  In  lOOrj  und  HX)6 
pcnitioiiH  were  re^itricte^l  to  two  wells. 

The  resnlt  of  these  o|)eratious  has  l)een  to  obtain  one  well  which 
pelds  a  mo^lenite  ftmoimt  of  oil,  another  well  wiiich  is  capped,  but 
I  which  the  oil  has  at  times  a  considerable  piTssure,  and  two  more 
^ells  in  which  an  nnknown  amount  of  oil  stands  near  the  top  of  the 
lining, 

Drilliug  has  proved  to  be  very  difficult  and  expensive  and  th© 
|k^iilts  not  as  encouraging  as  had  l:>een  hope<i.     These  facts,  together 


^  Oil  9««p«|«t 
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FIG.   2. — Map  of  Controller  Bay   oil  field,   showing  position   of  wells  and  seepages. 

rith  the  uncertainty  as  to  the  amount  of  territory  which  one  con- 
?m  may  legally  control  and  the  equally  great  uncertainty  as  to 
le  conditions  of  the  market,  have  led  to  a  suspension  of  some  of  the 
lore  active  operations. 


OCCURRENCE   OF    PETROLEl'M. 

8EEPA0E8. 

(JEOGRAI'll  IC    DISTRIBUTION. 


It  may  be  seen  from  inspection  of  the  map  (fig.  2)  that  the  seej)- 
gres  all  occur  within  a  long  narrow  belt  extending  from  the  edge  of 
le  Copper  Delta  to  Bering  Glacier,  a  distance  of  about  '28  mihvs 

2180»— Bull.335— 08 8 


'  Locally  known  as  Cape  Yakataga. 
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from  east  to  west.  The  belt  is  very  narrow,  not  wroeeding  4  mOfli 
at  the  widest  known  point,  and  is  parallel  to  ihe  north  ahote  of  Ooi- 
troller  Bay,  which  has  the  same  east  and  west  direction  as  the  laigv 
aspect  of  the  shore  of  the  Pacific  Ocean  between  CSopper  Biver  nd 
Yakutat  Bay.  The  seepages  at  Cape  Yaktag  *  are  also  reported  to  b 
on  a  line  having  the  same  direction  as  this  and  practically  coincide. 
ing  with  it  in  extended  position.  Several  of  the  smaller  groups  of 
seepages,  such  as  the  group  on  Redwood  Creek  and  at  the  head  of 
Katalla  Slough,  those  in  the  valleys  of  Burls  and  Chilkat  creefa, 
and  in  the  Nichawak  region,  have  a  distinct  linear  arrmngement  esd 
running  about  N.  15"*  E.  These  lines  coincide  with  the  directions 
of  the  valleys  in  which  they  occur,  and  the  relationship  suggests 
that  either  the  position  of  the  valley  and  that  of  the  line  of  seepages 
are  due  to  the  same  cause  or  that  the  one  is  due  to  the  other. 

BELATION8  TO  KINDS  OF  BOCK. 

The  oil  of  the  seepages  reaches  the  surface  through  a  variety  of 
rocks  (see  pp.  116-119).  The  seepages  west  of  Katalla  are  associated 
with  metamorphic  rocks,  the  oil  reaching  the  surface  either  throngli 
the  joints  and  bedding  or  cleavage  planes  of  the  slate  and  grmywa^ 
or  through  surficial  deposits  which  probably  overlie  such  rocks.  Hie 
presence  of  petroleum  in  rocks  of  this  character  b  somewhat  unusosl 
and  worthy  of  notice.  Similar  occumences  of  small  quantities  of  oil 
in  metamorphic  rocks  are  known  in  California  and  Washington, 
where  the  oil'is  considered  to  have  migrated  into  the  metamorphic 
rocks  subsequent  to  tlieir  itlteration.  A  similar  explanation  maj 
hold  for  the  Alaska  occurrence.  The  writer  would  suggest  as  a  pos- 
sible explanation  that  the  metamorphic  rocks,  which  are  known  to 
be  separated  from  the  Tertiary  shales  by  a  fault  (see  p.  44),  are 
overthrust  upon  the  shales  along  a  fault  plane  of  low  hade,  and  thst 
the  oil  at  the  seepages  west  of  Ragged  Mountain  is  coming  through 
the  metamorphic  rocks  from  underlying  shales. 

The  seepages  at  the  head  of  Katalla  Slough  and  on  Redwood. 
Burls,  and  Chilkat  creeks  are  all  in  the  soft  shales  which  compose  a 
large  part  of  the  Katalla  formation  {(/  of  section  on  p.  37).  Those  j 
between  Redwood  and  Burls  creeks  are  associated  with  conglomer-  ' 
ates  of  presumably  higher  position  (c  of  the  section).  Such  of  the  I 
seepages  of  the  Xichawak  region  as  have  been  seen  by  the  writer  are  i 
in  shales  which  closely  resemble  those  referred  to  above.  The  Yaktag 
seepages  are  said  to  l^e  in  Miocene  sandstone  and  shales. 

RELATION   TO  STRUCTURE.  i 

The  position  of  the  seepages  with  reference  to  the  structure  is  some-   j 
what  vague    and  uncertain.    Those  west  of  Katalla  are  on  steeply 
folded   and   •^lightly   metamorphosed   rocks  in   which   the   detailed   I 
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'striH'tiiriil  featuivs  liave  not  lj*?eri  tloteriniiieiL  TIil^  group  tm  llvd- 
^vtxjcl  Cret^k  unci  Katalla  Slough  is  appart'iitly  in  close  proxiinity 
to  a  fault*  The  Bnrk  Creek  group  and  the  Rechvood  Creek  group  are 
3ii*ar  the  axes  of  anticlines,  the  Redwood  Ci^ek  anticline  being  pnib- 
ably  broken  near  or  west  of  its  axis  by  a  fault.  The  seepages  lietween 
Korls  anil  TiedM-rMnl  en^ekn  are  on  monoclinal  ronglome rates.  Tho 
ipinierai  structure  of  the  Nichawak  region  has  not  t>een  deterniincd, 
tnit  the  rodcs  have  sleep  dips  and  ai*e  probal>ly  closely  and  complexly 
folded*  The  ^^aktag  region,  which  has  not  Wen  visited  by  the  writer, 
in  siiid  to  have  an  anticline  near  and  parallel  to  the  coast,  north  of 
which  the  rocks  have  monoelinai  iioHliwanl  dip*  The  seepages  are 
^11  id  to  (M'cur  on  the  north  flank  of  the  anticline,  parallel  to  and  not 
far  frou)  its  axis. 

It  may  i*e  seen  fnjm  the  preceding  paragraphs  that,  ahliough  snudi 
groups  of  s**epages  lie  on  Incnl  strncture  lines,  yet  the  general  distri- 
bution of  n\\  the  seepages  in  a  long,  narrow,  east- west  belt  diagonal 
fito  the  strncture  and  to  the  belts  of  outcrop  of  the  various  kinds  of 
rock  is  unexplained.  The  existence  and  position  of  this?  lx*U*  never- 
theless, must  have  been  determined  Ijy  the  stratigraphy  and  struc- 
'tare— if  not  by  that  of  the  surface  rocks,  then  by  that  of  some  rocks 
which  do  not  outcrop  at  that  surface. 

The  rocks  vvhicli  outcrop  witUiti  this  I'egiou  have  l>een  shown 
above  to  he  for  the  most  paii  unaltered  Tertiary  scnlimenLs,  with 
smaller  areas  of  melarnorphosed  rocks  similar  to  those  which  ])rol>- 
ably  com[>ose  the  greater  part  t*f  the  Chugach  Mountains  ami  of 
the  shores  and  islands  of  Prince  William  Scmnd,  These  older  rock« 
are  of  undetermined  age,  but  the  weight  of  the  evidence  from  all  the 
wide  region  through  which  they  extend  indicates  that  they  are 
Paleozoic.  In  this  case  there  is  an  hiatus  between  them  and  the  Ter- 
tiary rocks  which  is  represented  in  neighboring  regions  by  many 
thousand  feet  of  strata.  North  of  the  Chugach  Mountains  in  the 
valley  of  the  Chitina  Kiver  this  interval  is  represented  by  about 
4,000  feet  of  Triassic  sediments  and  1,000  feet  of  Jurassic^  beds. 
In  the  Matanuska  Valley  it  is  represented  ''  by  several  thousand  feet 
of  Jurassic  and  Cretaceous  rocks.  On  Cook  Inlet  and  the  Alaska 
Peninsula ''  over  2,000  feet  of  upper  Triassic,  8,500  feet  of  Jurassic, 
and  probably  several  thousand  feet  of  Cretaceous  rocks  intervene 
betw'een  the  metamorphosed  Paleozoic  and  the  slightly  consolidated 
Tertiary  beds. 

*»  Schrader,  F.  C.  and  Spencer,  A.  (\,  The  geology  and  mineral  resources  of  a  portion 
of  the  Copper  River  district,  Alaska.  A  special  publication  of  the  U.  S.  Geol.  Survey, 
1901.   pp.  46-50. 

*  Mendenhall,  Walter  C.  Oeology  of  the  central  Copper  River  region,  Alaska  :  Prof. 
I»aper  U.  S.  Geol.  Survey  No.  41.  11)05,  p.  r»L\ 

«■  Paige,  Sidney,  and  Knopf.  Adolph,  Geologic  reconnaissance  In  the  Matanuska  and 
Talkeetna  basins,  Alaska  :  Bull.   V.  S.  Geol.  Survey   No.   .327.   1907,  pp.   10  24. 

**  Stanton.  T.  W.,  and  .Martin.  G.  ('..  Mcsozolc  section  on  Cook  Inlet  and  Alaska  Penin- 
sula :  Bull.  Geol.  Soc.  America,  vol.  16,-  1905,  pp.  391-410. 
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The  Jurassic  rocks  on  the  west  shore  of  Cook  Inlet  and  on  tb 
Alaska  Peninsula  yield  petroleum*  which  is  of  the  same  charaetar 
and  composition  as  the  Controller  Bay  oil,  and  very  different  barn 
most  of  the  Tertiary  oil  of  California  and  other  Pacific  coast  fisUa 

The  inference  naturally,  follows  that  the  Controller  Bay  petro- 
leum may  be  derived  from  Mesozoic  strata  which  are  buried  beneadi 
the  Tertiary  rocks.  If  such  be  the  case  a  fault  parallel  to  the  catd 
and  to  the  mountains  will  account  for  the  position  and  character  of 
the  shore  and  will  offer  a  zone  of  movement  for  the  oil  from  its 
original  source  in  the  Mesozoic  rocks  below  into  its  present  appareoft 
source  in  the  Tertiary  rocks  at  the  surface.  By  such  a  fault  the  Ter- 
tiary rocks,  closely  folded  when  in  immediate  proximity  to  the  moon- 
tains,  might  have  overridden  Mesozoic  beds  which  were  at  a  distanee 
from  the  zone  of  disturbance,  and  hence  not  necessarily  folded  or  dis- 
turbed. The  oil  could  then  come  up  along  the  fault  planes  and 
through  joints  from  buried  Mesozoic  rocks  of  possibly  simple  stnl^ 
ture  into  the  complexly  folded  Tertiary  rocks.  The  structure  of 
the  underlying  rocks  and  the  position  of  the  fault  or  faults  woaU 
determine  the  major  east-west  seepage  belt,  while  the  'structure  of 
the  more  intricately  folded  rocks  at  the  surface  would  determine  the 
details  of  the  minor  northeast  and  southwest  groups  of  seepages 
This  hypothesis  removes  the  difficulty  of  accounting  for  ligfat-graTily 
oils  in  complexly  folded  and  faulted  rocks  and  explains  the  occur- 
rence of  the  seepages  in  a  narrow  zone  diagonal  to  the  structure, 
parallel  to  the  mountains  along  the  general  east  and  west  shore  line, 
and  in  line  with  the  belt  of  seepages  at  Yakataga.  It  is  a  possi- 
bility which  should  be  borne  in  mind  in  further  local  geological 
studies  or  in  interpreting  the  position  of  apparent  oil-sands  in  welb 
or  at  seepages. 

DESCRIPTION    OF   TIIK    BKl-U'AGKS. 

Petroleum  seepa^s  and  gas  springs  are  very  numerous  in  many 
parts  of  the  oil  belt,  and  at  some  of  them  the  flow  of  oil  or  of  gas  is 
large. 

Several  large  oil  seepages  were  seen  by  the  writer  on  the  banks  of 
Mirror  Slough,  near  the  mouth  of  Martin  River.  The  petroleum 
reaches  the  surface  from  the  clay  and  mud  of  the  valley  floor,  and  a 
large  amount  has  accunmlated  in  the  pools  on  the  swampy  surface 
and  in  the  soil.  The  nearest  outcrops  of  hard  rock  are  sandstones 
or  gi-aywackes,  probably  the  same  as  those  on  Winghani  Island  and 
in  Ragged  Mountain,  and  if  so  of  j)re-Tertiary  and  probably  Pale- 

<*  Martin,  G.  C.  Tbo  {KMruleuui  tlolds  of  tho  racific  coast  of  Alaska,  with  an  account 

of  tho  Hopinp  Klver  coal  di>posi(H  :   Hull.    V.  S.  (Jool,   Survey   No.  2ri4>,   l!M»r».  pp.  .HT-r»I»: 

Nott»s   on    tlje    petroleum    tiriUH   of    Alanka :    Hull.    l'.    S.    <Jeol.    Survey    No.  250.    VM*:*. 
PIK   rJ8   139. 
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ozoic  age.  It  seems  almost  certain  that  oil  came  from  these  rocks. 
Seepages  were  also  seen  near  the  head  of  Mirror  Slough  at  the  base  of 
Kagged  Mountain.  The  oil  here  reaches  the  surface  through  soil  im- 
mediately underlain  by  either  glacial  drift  or  by  talus  or  landslide 
debris.  The  underlying  rocks  are  probably  the  slate  or  graywacke 
referred  to  above.  Another  seepage  about  1  mile  south  of  this 
point,  in  the  canyon  immediately  north  of  Bald  Mountain,  was  visit- 
ed by  the  writer.  The  oil  was  here  seen  oozing  in  small  quantities- 
directly  from  the  joints  and  bedding  planes  of  the  steeply  dipping 
slate,  chert,  and  graywacke. 

Oil  is  reported  to  have  been  seen  in  large  amounts  at  the  time  of 
the  earthquake,  1899,  on  the  surface  of  the  water  of  the  small  ponds 
and  the  creek  at  the  south  end  of  the  town  of  Katalla.  The  surface 
material  consists  of  rock  debris  largely  from  Ragged  Mountain,  un- 
derlain by  the  soft  shales  of  the  Katalla  formation. 

Numerous  and  copious  seepages  are  to  be  seen  at  the  head  of  Ka- 
talla Slough.  The  oil  impregnates  the  soil  very  completely  at  many 
points  and  has  accumulated  in  large  amounts  on  the  surface.  These 
accunmlations  are  chiefly  of  oil,  and  are  not  residues  as  at  the  Cali- 
fornia brea  deposits.  No  outcrops  are  near  but  the  underlying  rock 
is  almost  certainly  the  soft  shale  referred  to  above  and  probably  has 
a  steep  dip. 

On  the  w^est  slope  of  the  valley  of  Redwood  Creek  about  li  miles 
northwest  of  the  mouth  of  the  creek  and  near  a  well  (No.  8,  fig.  2,  p. 
113),  oil  can  be  seen  coming  directly  from  soft,  fissile,  iron-stained 
shales.  The  shale  has  been  broken  into  small  angular  fragments  and 
recemented  by  ferruginous  material.  This  condition  is  frequent  at  or 
near  seepages  in  these  shales,  but  it  is  not  known  whether  it  is  a 
surface  condition  connected  with  erosion  or  whether  it  indicates 
crushing  of  the  rocks  at  a  depth  below  the  surface  during  the  proc- 
ess of  folding  or  faulting.  Here,  as  at  many  other  seepages,  sul- 
phur springs  are  associated  with  the  oil.  Another  seepage  was  seen 
near  the  headwaters  of  Redwood  Creek. 

It  is  reported  that  oil  may  be  seen  at  low  tide  in  the  beach  sands 
on  the  north  shore  of  Strawberry  Harbor.  The  rocks  in  the  vicinity 
are  sandstone  and  shale,  probably  belonging  much  higher  in  the 
stratigraphic  column  than  the  soft  shale  at  the  seepages  previously 
described. 

There  are  several  seepages  along  the  wagon  road  which  leads  from 
the  head  of  Katalla  Slough  to  the  mouth  of  Bering  River.  Two  of 
these  are  located  about  a  mile  and  a  half  west  of  Burls  Creek  and 
close  to  the  road.  The  amount  of  oil  at  one  of  these  is  large.  The 
nearest  visible  rock  is  steeply  dipping  conglomerate  which  outcrops  a 
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few  feet  away,  but  the  oil  can  be  seen  only  on  the  snrfaoe  oi  the  aoil, 
the  direct  source  not  being  visible. 

The  upper  part  of  the  valley  of  Boris  Creek  contmins  many  seep 
ages  at  which  the  oil  oozes  directly  from  steeply  -dipping  diahl 
which  here  contain  a  large  amount  of  j^accmite  grains,  whidi  giva 
the  rock  a  bright-green  color.  Thin  sections  show  abundant  caab 
of  Foraminifera  and  diatoma  Large  calcareous  ooncretions  an 
abundant  and  often  take  the  form  of  septaria  nodnles  with  caldfei 
fillings.  Organic  remains  consisting  chiefly  of  moUusks  and  cnb 
are  frequently  seen  in  the  concretions.  Thb  soft  shale  is  also  rid 
in  organic  material,  some  beds  being  so  dai^  as  to  suggest  in  appear 
ance  impure  coal.  No  coal  was  seen  by  the  writer  in  these  rocki 
either  at  this  locality  or  elsewhere.  The  rocks  at  this  point  seal 
to  be  very  strongly  impregnated  with  oil  and  seepages  are  numerosi 
but  large  surface  accumulations  are  rare.  Broken  shale  recemented 
by  ferruginous  material  was  seen  here  as  on  Bedwood  CredL 

Some  seepages  with  considerable  surface  aocumuhfction  of  oil  weic 
seen  along  the  edge  of  the  tidal  flat,  close  to  the  wagon  road,  half 
way  between  Burls  Creek  and  the  month  of  Bering  River.  Out- 
crops were  absent  in  the  imm^ate  vicinity,  but  fragments  of  dtak 
indicated  the  presence  of  such  rock* 

Several  seepages  have  been  reported  frcnn  Chilkat  Greek.    TU 
largest  one  seen  by  the  writer  is  in  the  west  bank  of  the  creek,  m 
miles  above  the  forks  of  the  wagon  road.    The  oil  reaches  the  surfus 
through  soft  breccia  ted  shale  with  a  steep  westerly  dip.    The  seepip 
is  associated  with  a  black  sulphur  spring. 

Many  secjja^es  have  Ihhmi  reported  in  the  group  of  hills  centering 
around  Mount  Xichawak.  Those  seen  by  the  writer  were  smaft 
but  the  oil  issued  dirc»i'tly  from  the  rock,  which  is  shale  resembling  I 
that  at  the  seepages  west  of  Bering  River.  Others  are  reported  to 
be  Undated  on  the  banks  of  a  small  lake,  which  is  said  to  be  covered 
at  times  with  oil. 

Other  si^epa^es  have  been   reported  from  various  parts  of  the 
Controller  Bay  region,  but  they  have  not  been  seen  by  the  writer. 

Reference  should  be  made  to  the  seepages  in  the  vicinitj'  of  Cape 
Yaktag,  about  75  miles  east  of  Controller  Bay.  The  amount  of  oil 
is  said  to  be  very  large,  there  being  a  continuous  flow  from  seven! 
of  the  seepages,  one  of  wdiich  has  been  estimated  to  yield  sevenl 
barrels  of  oil  per  day.  The  oil  is  said  to  come  directly  from  the 
rocks,  which  are  shales  and  sandstones  of  Miocene  age,  the  seepages 
l)eing  in  a  line  along  the  crest  of  an  anticline  parallel  to  the  coast. 

Inflammable  gas  comes  to  the  surface  of  the  water  in  large  amounts 
in  several  places.     The  largest  of  the  ''gas  springs"  seen  by  the 


PETROLEUM.  119 

writer  are  in  Mirror  Slough  and  in  Katalla  River.  The  former  is 
sufficient  to  furnish  a  large  continuous  flame.  The  composition  of 
the  gas  is  not  known.  It  issues  from  the  mud  on  the  bottom  of  the 
slough. 

WELLS. 

The  wells  in  which  oil  has  been  obtained  in  this  region  are  so  few 
that  they  throw  little  or  no  light  on  the  problem  of  the  occurrence  of 
oil.  A  flow  of  oil  had  been  obtained  in  one  well  (No.  10,  fig.  2)  and 
less  quantities  in  three  others  (Nos.  5,  8,  and  13).  All  of  these  wells 
are  close  to  seepages  and  are  on  the  outcrop  of  the  upper  shales  of 
the  Katalla  formation.  They  are  all  on  lines  of  seepages  having  a 
north-northeast  to  south-southwest  direction,  and  are  all  on  the 
steeply  dipping  northwest  flanks  of  anticlines  and  possibly  on  or  near 
lines  of  faulting.  It  is  unfortunate  that  no  other  wells  have  been 
drilled  in  similar  positions  on  the  structural  lines  alluded  to  above. 
Such  wells  might  not  be  successful,  but  they  would  test  the  possible 
theory  that  the  above-mentioned  lines  have  something  to  do  with  the 
distribution  of  the  oil. 
;  The  net  result  of  the  drilling  has  been  to  show  the  existence  of 
/  moderate  amounts  of  oil  in  at  least  part  of  the  territory.  The  wells 
are  neither  numerous  enough  nor  deep  enough  to  determine  the  out- 
1  line  of  the  pools  and  the  area  of  productive  territory,  or  to  show 
•  whether  the  oil  exists  in  suflicient  quantity  to  pay  for  exploitation. 
They  have  demonstrated  the  difficulty  and  expense  of  drilling,  and 
the  need  of  ample  resources  and  careful  management.  The  existence 
of  oil  in  remunerative  quantities  has  neither  been  proved  nor  dis- 
proved. The  evidence  from  the  existing  wells,  like  that  of  the  seep- 
ages, is  sufficient  to  warrant  further  testing,  if  it  l)e  done  intelligently 
and  carefidly  by  companies  strong  enough  to  exploit  large  areas  on 
a  scale  which  permits  of  wholesale  economies,  and  also  strong 
enough  to  risk  their  capital  on  what  must  certainly  be  regarded  as  a 
speculation  rather  than  an  investment. 

The  following  list  contains  an  account  of  each  well  that  has  been 
drilled  in  the  district.  The  numbei's  refer  to  the  geographic  location 
of  the  wells,  as  shown  on  the  map  (fig.  2,  p.  113). 

Xo.  1.  West  shore  of  Bering  Lake.  The  surface  rocks  are  sandy 
shales,  presumably  underlying  the  coal-bearing  rocks.  Dip,  12**  to 
35**  NW.  Well  begim  in  1905,  but  interrupted  by  accidents  to  ma- 
chinery.   Depth,  several  hundred  feet. 

No.  2.  East  shore  of  Bering  River.  Begun  in  1903.  Abandoned 
without  reaching  bed  rock  at  depth  of  580  feet  because  of  difficulty 
of  sinking  casing  through  the  mud. 

No.  3.  Chilkat  Creek.  Drilled  in  1904  to  depth  of  several  hundred 
feet.    No  information  available. 


w 


CONTBOTXIH  BAY   REOTON,-  ALASKA, 


1       No.  4.  Ecljri>  of  tifhil  flatM  1  mile  west  of  mouth  of  Bering  River, 
^*    Drilled  ill  1904  to  (k^ptli  of  sevei^i]  lumdretl  feet. 

No.  ♦%  Edge  ii{  tidul  Huts  a  short  disfiuiet?  iKJrthwest  of  No.  4. 
Drilled  ill  IfXH  to  depth  of  s^vi^nil  hiindiTd  ftnn.  Oil  now  Mands 
iwnr  tnp  of  nisitig.  Small  hut  oontinuoui^  flow  of  grih.  Amount  of 
oil  not  knowu. 

Nt>.  ft,  StrawU»rry  llarhor.  The  derrick  was  built  on  piling  HlMint 
ht)0{)  feet  otfshore.  Casing  sunk  deep  into  the  mud  in  \W4  withoin 
read  ling  l>ed  rock. 

No,  7.  StrawlieiTY  Harbor,  Drilled  several  hundretl  feet  in  1904 
without  obtaining  oiL 

No,  8.  Redwood  Creek,     Drilled  to  depth  of  several  hundn^l  feet 
in  I&04,    Oil  now  stands  alx>ut  W  feet  below*  the  top  of  the  easing. . 
Quantity  not  known. 

No,  fK  Ne-iir  head  of  Katalla  Slough.  Drilled  to  nnknown  depth 
in  ISKH,    No  oil  as  far  as  known. 

No,  10,  Near  head  of  Kalalhi  Slough,  Drilled  in  li)02  to  depth  o{ 
300  feet,  when  a  Aim  of  uil  was  obtained.  Drilled  to  ;>,>0  feet  m  VM 
without  further  results.  In  1D04  this  well  was  pumjied  for  fuel  it 
the  other  wells  of  the  .same  e*>mpnnT.  It  is  now  capped,  the  oil  immi^ 
trum  arounrl  the  easing.  The  following  is  a  record  of  this  well,  as 
reported  by  the  Alaska  Steam  Goal  and  Petroleum  Syndicate,  tnd 
piildi,shed  l>y  F,  H,  Oliphant:* 


Record  of  530- foot  ttcll  near  hea4  of  KaiaUa  Blouph, 


Thick- 


Surla4»  drilt. , ,......,,,,, ..,,.. .,,.- , ..-,. 

Decomposed  sh&lfl ,^-, , .,--,- 

Light-tHilori'd  shfllfi. .......... ........ ^ .:  -^ . , --  -^ .....  ^^*  --.. . 

FiDe-^rainpiJ  ^andftloue, oontftliifiw6"inch  bed  Oifcoai .,. 

DftTk  flhiiki\  viTy  haril.  lacliidtng  & Incbea  ot  qQATtztsont&lidng  Iton  pyrilei,. 

oil  s&riii;  flow  ol  oil ...... , . . , , ,„,_., —  _,..„. 

LeHgtb  EJI  12'lllCh  L^UJilQ^ ^ ....  ^ ............ . .  *  _  _ ,  .^, , 

Length  ol  I>l-Uich  CftAtng. „ , , , , 


in 
1^ 


t 

m 

m 


Numerous  jf^maU  sbowlng^  of  petroleum  and  natural  gas  wvve  eiicouuierWl  •* 
tlie  tlrin  iiroce<_Hlo4l  dowa,  and  at  300  feet  a  Jarpe  qaantity  of  oU  was  dereloi*^ 
wliieh  flowe^l  smae  jietroleunu  Tbt*  well  U  twild  to  hnvo  coatiuueil  tn  flow  tmtW 
capped. 

No,  11,  Near  head  of  Katulla  Slough,  Drilled  in  1901  and  abati 
doned  liecaiise  of  loss  of  tools. 

No.  12,  Near  head  of  Katalla  Slough,  Drilled  in  1903  to  unknoffft 
depth, 

■  The  prodnrtion  of  petrol  emu  lo  1902 :   Mineral  ResotircM  U,  S,  for  1002,  U,  8.  Of^ 
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No- 13,  Xear  liead  iif  Katiilhi  Slough.  Drilled  in  1904  to  unknown 
lepth.  Xow  rapptnK  tin-  f>il  squirting  at  times  in  strong  jets  from 
h^  casing* 

Ka.  14*  Between  head  of  Katalla  Slough  and  Cave  Point*  Drilled 
u  1(K)H  to  1,710  feet  and  abandoned  because  limit  of  outfit  was 
eaehed. 

No.  15.  Katalla  Riven  Casing  sunk  to  depth  of  280  feet  in  1903 
nthout  reaching  Ijed  rock. 

No.  IG.  Near  Katalla.  Two  holes  drilled  in  1004  to  190fi  to  a  depth 
if  about  l^.lOO  feet.     Work  still  in  {jrogresH. 

rHAUA(TEH  OF  TIIK  PETHOLKt^M, 


A  sample  collected  by  the  writer  from  a  well  (No.  10  in  list,  on 
K  1:^0)  near  the  head  of  Katalla  Slough  wa;^  tested  by  Penniman  & 
irowne,  of  Baltimore,  with  the  following  results: 

7'eHt  nf  petnAtttm  from  Kufaiiu  ^louffh. 


B<?iHEhip  (Sir  to  i«y  c. } 

Bumlitg  oil  flSO"  to  mP  C*) ,. 
Hc^ldiaiiiu  (paraMn  bodt}  -  - . . 

Sulpbur,  .,».,_„ , 

NcUle  gnatity  of  crade  oa 


FefMint. 


Speclflo  grft?ity  »(  iSJi'  C. 


.  D0O8«*3S.  ^  Baum4. 


The  burning  oil  was  purified  by  concentrated  sulphuric  acid  and  soda,  the 
>]ame  of  acid  used  up  being  too  small  to  measure.  The  purified  burning  oil 
as  put  into  a  small  lamp,  where  it  burned  dry  without  incrusting  the  wick  or 
^rroding  the  burner,  and  without  any  marked  diminution  of  flame.  The  bum- 
^  oil  compares  very  favorably  in  these  respects  with  Pennsylvania  oil  pre- 
ired  in  the  same  way. 

The  following  analysis  of  this  petroleum  was  published  by  Mr. 
liphant :« 

Analysis  of  petroleum  from  Katalla  Slough  well, 

E>ecific  gravity  at  60°  F.  0.7958,  equal  to  45.0*'  BaumC'. 
:>ld  test;  did  not  chill  at  3°  F.  below  zero. 

istillation:  Percent. 

Below  150°  C,  naphtha 38.5 

150°   to  285°    C,   illnmiiiatiiig  i)etroleim» 31 

Above  285°  C,  lubricating  petroleum 21.5 

Residue,   coke  and    loss «. 0 

The  following  tests  of  Controller  Bay  and  Yaktag  oil  have  been 
ublished  by  Redwood  ^  from  results  obtained  in  his  laboratory. 

«  The  production  of  petroleum  in  1902  :  Mineral  Resources  U.  S.  for  1902,  U.  S.  Geol. 

irvey,    1903,  p.   583. 

•Redwood,  Sir  Boverton,  Petroleum,  vol.  1,  2d  ed.,  1900,  p.  198. 
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'Redwood,   31  r   Rov^rtotiH  op.  fit.,  p.   214. 

The  analyses  given  below  were  published  by  Stoess : 


t 


The  following  analysis  was  made  in  Seattle  from  a  sample  of  the  crude 
taken  from  the  well  at  Katalla : 


Analysis  of  oil  from  Katalla  well. 

Specific  gravity,  0.800. 
Naphtha 3 

Illuminating    oil 3 

Lubricating    oils 1 

Coke  and  residue 1 

Another   analysis    [possibly   the   same  as  that   published   by   Ollphant  i 
quoted  abovel,  made  in  I^s  Angeles,  Cal.,  gave — 

Analysis  of  oil  from  near  Katalla, 

Specific  gravity 0.7957  (45.9* 

Cold  test Not  chilled  at  3**  below  i 

Naphtha ? 

Illuminating  oil 

Lubricating  oils 

Coke  and  loss 

Oil  has  a  fiash  test  of  70*'  to  80\    Oil  Is  light  green  In  color. 

•  Stoess,  P.  C,  The  Kayak  coal  and  oil  fields  of  Alaska :  Min.  and  Scl.  Press,  vol 
1908,  p.  66. 
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The  results  of  all  available  analyses  and  tests  on  oils  from  the  Con- 
troller Bay  an<J  Yaktag  regions  are  brought  together  in  the  following 
table : 

Sumfnary  of  analyses  and  tesis  of  Controller  Bay  and  Yaktag  petroleum. 
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1 

Many  of  the  samples  consisted  of  seepage  oil  and  probably  have 
not  yielded  as  large  a  proportion  of  the  more  volatile  constituents  as 
would  be  obtained'  from  ''  live  '"  oil  from  the  wells. 

The  results  of  the  tests  may  be  compared  with  those  of  other  petro- 
leums in  the  following  table: 

Tests  of  petroleum  from  Alaska  and  other  fields. 


Alaska.a  '  Alaska.fc  j  ^^fJSi^i'  |    ^^^^'"^ 


Benzine  (80'-lS0*  C.) . . . . 
Burning  oil  (ISO^-SOO"  C.) 

Residuum 

Sulphur 

Gravity 


21  I 

51  I 

28  j 

Trace.    . 

39.1"  B.     ' 


38.5 
A  31 
A  30. 5 


16.  5 
54 

29      I 


Colo- 
rado.* 


43"  B. 


Mexico./ 


Beau- 
mont, 
Tex.ff 


2.5 
40 

57.5 

1.7 

22»B. 


*  Penniman  &  Browne  for   thlH   report. 

*01iphant,  F.   H.,  The  production  of  petroleum  4n  1902:  Mineral  Resources  U.  S.  for 
1902.   V.  8.  Geol.  Survey.   1903.  p.  oSli. 

*  Peckham.  8.  F.,  Report  on  I*etroleum,  p.  365. 

*  Woodman,  Durand.  Jour.  Am.  Chem.  Soc,  Vol.  13,  p.  108. 

*  Oliphant,  K.   H.,   Petroleum :  Mineral   Resources  U.   S.   for   1901.   T*.  S.  Geol.   Survey, 
1902.    p.    2.'>0. 

t  Stlllman,  T.  B.,  Engineering  Chemistry,  n.  364. 

»  Hayes.  C.    W..  and   Kennedy.   W..   OH   fields  of  Texas-Louisiana  coastal   plain  :  Bull. 
U.  S.  CJeol.  Survey  No.  212,   1903,  pp.  146-151. 

*  See  above. 


The  petroleum  is  de«rly  n  rt?fiinng  oil  of  ihc  same  genera!  nrttui^ 

rs  the  Penrisylvimiu  2)etroIeiini.  It  resembles  the  hitter  in  hfiviti^ 
Wgh  proportion  oi  the  more  volatile  fumpoiuuls  tind  a  paraffiji  ba^ 
and  in  contfliniii^  ahuoHt  no  sulphur.  The  projjoilions  of  the  seven! 
conf^tituetits  ^iveii  iti  the  tiibles  iil>ovo  do  nut  neeeissarily  represeul 
the  foil  u mounts  that  eoulJ  be  obtained  in  practice  by  ditfereat 
treatment. 


I'HINCTPLES    CtOVERNINO    THE    OCrrHRENCE    OF    PETROt^Emi* 


I 


Tlie  four  great  problems  of  the  geologic  occurrence  of  petroietim 

,  are  the  origin  of  oil,  the  movements  of  oil  in  the  rock-s  the  straii- 

graphic  ood  .structural   distribution  of  the  exi.stin^  accumtihitions 

of  oil,  and  the  determination  of  the  location  and  area  of  valuable 

Bccumuhitlon^  from  the  known  fficts  of  surface  geology. 

These  proldems  are  stated  above  in  order  of  increa^sing  iniportanc* 
from  the  point  of  view  of  immediate  ntility.  The  last  pmbleni  can 
be  determined  by  expensive  practical  testing  with  drill  or  by  llm 
solution  of  the  first  and  second  problems,  together  with  a  complete  | 
and  accurate  knowledge  of  the  areal  geology  of  the  mgian  in  whieli 
the  occurrence  of  oil  is  suspected-  In  the  present  condition  of  mir 
knowledge  <lrilling  is  the  only  certain  wny  of  determining  tki^ 
probletn.  But  all  knowledge  gained  in  this  way,  as  well  as  all  fads 
concerning  the  geology  of  the  oil*  ben  ring  rocks,  lead  us  nearer  to 
tlie  solution  of  the  other  prol)le»is  and  hence  hasten  the  time  wh^n 
we  can  determine  within  reasonable  limit.s  the  presence  of  oil  {rtm 
our  knowledge  of  how  oil  originates  and  how  it  acciimnlates.  The 
first  and  second  problems  are  consequently  the  problem.^  of  grt^ate^t 
ultimate  importance,  and  should  l>e  given  at  least  equal  weight  in 
a  public  geologic  investigation  with  the  other  or  immediate  cotn* 
mercial  problems. 

Petroleum  occurs  iu  rocts  of  practically  all  ages  from  the  oliie^ 
Paleozoic  to  the  Recent-  All  know^u  productive  Iwdies  of  oil  an* 
iu  rocks  of  sedimentary  origin,  such  a^s  sandstones  or  sands,  sliales 
or  clays,  liniestones,  and  conglomerates.  Minute  quantities  of  oil 
have,  however,  been  seen  in  volcanic  or  other  crystalline  n>cks. 

The  origin  of  |>etroIeum  may  be  explained  according  to  one  of  two 
theories.  The  oil  may  be  of  organic  origin,  having  been  derived 
from  animal  or  vegetable  matter  which  was  associated  with  the  min- 
eral constituents  of  the  rocks  at  the  time  they  were  deposited ;  or  it 
may  be  of  inorganic  origin,  having  been  formed  by  the  chemical 
action  of  water  on  the  formerly  unoxidized  mineral  constituents 
of  the  rocks.  The  prevalent  scientific  opinion  is  in  favor  of  the 
organic  theory  for  the  origin  of  the  larger  and  more  widespread 
Mcumulations  of  petroleum. 

Tlie  movement  of  petroleum  in  the  rocks  is  controlled  by  the  fol- 
ng  factors:  The  direct  action  of  gravity,  capillary  attraction, 
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the  presence  of  water,  gas  pressure,  and  the  distribution  of  channels 
or  zones  through  which  the  oil  can  move. 

The  effect  of  the  direct  action  of  gravity  is  to  cause  oil  to  go  down 
as  far  as  the  rocks  are  porous,  dry,  and  not  too  warm  for  the  oil  to 
exist  as  such.  It  will  sooner  or  later  be  stopped  in  this  downward 
movement  by  an  impervious  stratum  (either  a  bed  of  close-textured 
rock  or  a  bed  filled  with  water),  and  will  then  move  laterally  along 
the  upper  surface  of  that  stratum  to  its  lowest  point,  where  it  will 
accumulate. 

The  effect  of  capillary  attraction  is  to  cause  the  oil  to  be  diffused 
somewhat  throughout  the  rocks  in  all  directions,  provided  the  rock 
is  dry  and  of  the  right  texture  to  permit  capillary  movement.  The 
directions  in  which  it  will  move  will  be  controlled  by  the  distribu- 
tion of  porous  rock  and  water,  and  will  be  modified  by  gravity  and 
the  other  factors  here  discussed. 

The  presence  of  water  causes  an  upward  movement  of  the  oil. 
The  essential  conditions  for  such  movement  are  a  porous  rock  con- 
taining both  water  and  oil  and  a  lower  limit «  beyond  which  the 
water  can  not  go.  The  water,  because  of  its  greater  density,  seeks  a 
lower  level  than  the  oil  and  forces  the  latter  upward  until  either  the 
demand  of  all  the  water  for  space  is  satisfied  or  until  the  oil  is 
checked  in  its  upward  movement  by  an  impervious  stratum.  In  the 
former  case  the  oil  rests  on  the  surface  of  the  water  in  a  state  of  equi- 
librium ;  in  the  latter  case  it  is  confined  under  pressure  with  a  poten- 
tial upward  force. 

Gas  pressure  tends  to  drive  the  oil  in  any  unblocked  direction. 
The  requisites  for  oil  movement  caused  by  gas  are  the  presence  of 
gas,  either  in  a  contiguous  body  to  the  oil  or  being  given  off  from 
or  within  the  oil,  and  an  impervious  bed  above  the  gas  and  through 
which  it  can  not  pass.  The  gas  then  tends  to  accumulate  on  the 
upper  surface  of  the  oil  and  to  force  the  oil  downward  in  the  direction 
of  least  resistance,  which  may  be  either  vertical  or  have  a  lateral  com- 
ponent. The  oil  would  already  have  been  in  the  lowest  available 
space,"  so  further  downward  motion  implies  the  displacement  of 
water.  The  motion  continues  until  there  is  equilibrium  between  the 
expansive  pressure  of  the  gas  and  the  hydrostatic  pressure  of  the 
water.  The  oil  is  then  confined  between  these  forces  and  will  escaiw 
under  pressure  at  the  first  opportunity. 

The  most  favorable  conditions  for  the  occurrence  of  petroleum 
over  large  and  regular  areas  are  the  following: 

1.  A  large  and  widely  distributed  original  source  of  oil-yielding 
material. 


••  If  tlip  liquidK  liavi'  not  nlri'july  rcnclH'd  Oils  lower  limit,  tlu»  eaw»  Is  <-onHld«'rably  modi- 
fied, aiid  the  exact  condition  can  not.  in  the  preHent  Htatc  of  our  knowledge,  \n*  i>oMitively 
aH!M>rted. 
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2.  Thick,  extensive,  and  regular  porous  beds  in  which  the  oil  can 
move  freely  and  accumulate. 

3.  Impervious  beds  above  and  below  the  porous  beds. 

4.  Small  angles  of  dip  and  fairly  regular  structure. 

5.  Absence  of  deep  fracturing  or  of  irregularities  of  structure. 

6.  Absence  of  water  in  the  rocks  if  the  oil-bearing  beds  are  syn- 
clinal, or  presence  of  a  moderate  amount  of  water  if  they  are  anti- 
clinal. 

Such  conditions  are  favorable  to  the  occurrence  of  petroleum  in 
large,  regular,  and  easily  outlined  pools,  to  moderately  large  produc- 
tion and  long  life  of  the  wells,  and  to  a  large  degree  of  certainty  in 
oil  prospecting. 

These  conditions  probably  nowhere  exist  in  their  entirety,  at  least 
not  over  any  broad  area.  Some  of  the  Mississippi  Valley  and 
Appalachian  oil  fields'  come  nearer  to  satisfying  these  conditions 
than  any  others  in  North  America.  It  is  very  evident  that  few  of 
these  conditions  are  met  in  the  Controller  Bay  region,  so  nothing 
will  be  gained  from  further  comparison  with  regions  in  which 
simple  structure  predominates. 

Some  of  the  California,**  Wyoming,^  and  Colorado  ^  oil  fields  are 
characterized  by  complex  and  broken  structure,  in  this  respect  being 
not  unlike  the  Controller  Bay  region.  These  western  fields  show 
that  it  is  possible  for  large  accumulations  of  oil  to  exist  in  rocks 
with  steep  dips,  irregular  folds,  and  large  faults.  They  show  that 
the  structure  does  not  make  it  impossible  for  oil  to  exist  in  quantity 
ill  the  re<rion  under  discussion,  but  they  show  also  the  difficulties  of 
drillin<r  and  of  locatin<i:  the  pools  in  such  a  field,  and  demonstrate 
very  clearly  the  need  of  careful  oi)erating  and  the  risks  which  are 
necessarily  involved. 

Kxn.orrA'rioN. 

LOCATING  POOLS. 

If  oil  is  found  in  (luantity  it  will  almost  certainly  be  in  ciiTiim- 
scribed  areas,  and  tlic  location  and  boundaries  of  these  will  be  of  the 
utmost  importance  in  the  development  of  the  field.  The  position, 
size,  and  sliai)e  of  these  productive  areas  can  not  be  foretold  in  ad- 
vance of  all  drillin-LT  or  at  the  present  stage  of  development.     The 

ii  i:idri(l«o,  ('..  II.,  and  Arnold.  Ralph,  The  Santa  Clara.  Puentc  Hills,  and  I^os  AngrifS 
oil  districts,  soiitheru  California  :  lUiU.  V.  S.  (Jeol.  Survey  No.  .'JUO,  1907.  266  pp.  Arnold. 
Ualph.  (;eolo;;y  an«l  oil  rosources  of  the  Siinimerland  district,  Santa  Barbara  County, 
California:  Itull.  T'.  S.  Ocol.  Surv«\v  No.  '.V2\,  1007.  01  pp.  Arnold,  Ralph,  and  Anderson. 
Robert,  li  ology  and  oil  rosoiuct's  of  the  Sauta  Maria  oil  district,  Santa  Barbara  County. 
California  :   Bull.   \\  S.  (Jeol.  Survey   No.  :J2'J,   lOUT.   IC.l   pp. 

'•  Veatch.  .\.  C,  (icography  and  p'olojjcy  of  a  portion  of  southwestern  Wyoming,  with 
special  reference  to  coal  aiitl  oil  :    Prof.  Paper  I.  S.  Oeol.  Survey  No.  56,  1907,  178  pp. 

*■  Fenneman.  N.  M.,  (Jeology  of  the  Boulder  district,  Colorado:  Bull.  U.  S.  Geol.  Surrey 
No.    205,    11)05,    101    pp. 
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ILs  which  litive  been  drilled  in  this  region  are  ^^o  few,  mast  of  tlieuj 
s  ho  shiiUow.  and  so  little  oil  hns  been  obtained,  that  they  give 
ciost  no  li^ht  on  the  occurrence  of  oil  in  the  rocks.  But  if  nt  letu^t 
*  area  were  outlined  wholly  or  in  part  by  the  known  position  of 
aductivt?  tttid  nonpro*.luf.'tive  wells  it  would  then  be  possildt:  to  de- 
mine  the  relation  of  the  (X^oun^enre  of  the  oil  to  the  geology,  and 
mi  the  known  faet^  of  the  geology  to  outline  other  possible  pro- 
ctive  areas  in  advance  of  drilling.  For  this  reason  it  in  of  tlie 
nost  importance  to  oiitftin  complete  an*!  acrunite  records  of  all 
Us  and  to  use  the  information  and  exi>erience  thus  gained  in  locat- 
f  subsequent  wells, 

P  DimCUXTIES  07  DRItLUIO. 

Crooked  halm.— Mxidi  diflieulty  1ms  been  encountered  in  keeping 
t  we  Ik  vertical,  and  delay  and  expense  have  resulted  from  the 
cecisity  of  friKjuently  I'eannng  out  the  holes  in  order  to  straighten 
Era.  The  crooked  holes  are  the  natural  result  of  the  steep  intlina- 
tti  of  the  rocks  w4th  frequent  alternations  from  hard  to  soft  l)edB, 
henever  the  drill  passes  from  a  soft  rock  to  a  Imrder  one  dipping 
a  steep  angle  the  drill  tends  to  be  deflected  and  a  crooked  hole  re* 
Its.  This  difficulty  will  always  be  encountered  in  this  region  and 
Jl  increase  the  time  and  cost  of  drilling.  The  difficulties  should, 
iwever,  become  less  in  the  future,  for  the  tendency  of  the  drill  to 
'fleet  can  be  lessened  by  drilling  slower  when  the  deflecting  bed  is 
ruck  and  by  ispecial  shaping  of  the  tooh  and  the  holes  can  be 
raightened  more  quickly  when  the  drillera  are  better  acquainted 
tth  local  conditions* 

Caving. — When  a  well  in  soft  or  fractured  rock  stands  uncased 
0  long^  the  rock  caves  in,  often  burying  and  frequently  causing  the 
ss  of  the  tools,  and  sometimes  tnakin*^  it  rietessiuy  to  abandon  the 
ill.  Much  delay  has  been  caused  in  this  way  at  most  of  the  local 
jlls,  and  it  has  added  greatly  to  the  cost  of  drilling.  It  has  been 
ipossible  on  this  account  to  drill  several  of  the  wells  as  deep  as 
ey  would  otherwise  have  gone.  The  only  remedy  is  to  case  the 
dl  at  the  proper  time,  and  wdien  the  drillers  know^  better  tlie  rocks 
th  which  they  are  dealing  they  will  be  able  to  anticipate  the 
ving  and  introduce  casing  when  it  is  needed.  Conditions  may  thus 
expected  to  improve  in  the  future,  making  the  cost  less  and  the 
eed  greater,  and  making  it  possible  to  sink  wells  to  greater  depths. 
Water, — The  rocks  of  this  region  are  full  of  water  and  conse- 
ently  large  amounts  are  encountered  in  all  the  wells.  This  is 
idesirable  for  two  t-easons:  The  pressure  of  the  column  of  w^ater 
the  well  keeps  the  oil  back  in  the  rocks  and  prevents  it  from  com- 
g  out  into  the  well,  and  the  water  reduces  the  eflfective  weight  of 
e  drill  and  acts  as  a  cushion  between  the  drill  and  the  rock,  in 
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both  ways  reducing  the  power  of  the  blow.  The  only  remedy  is  in 
casing  off  the  water,  which  can  not  be  done  too  oftien  without  redu- 
cing the  size  of  the  hole  to  undesirable  dimensions  and  finally  liniit- 
ing  the  depth  to  which  it  can  be  drilled  without  pulling  the  casing 
and  going  back  and  reaming  out  the  hole. 

Remoteness  from  supplies, — The  remoteness  of  this  region  from  a 
base  of  supplies  not  only  increases  the  cost  of  labor  and  of  freight, 
but  also  makes  it  necessary  either  to  carry  an  exceptionally  large 
equipment  of  fishing  and  repairing  tools  and  of  general  supplies,  or 
to  be  subject  to  delays  in  ordering  special  tools  from  a  long  distance. 
Conditions  will  improve  in  this  respect  with  better  facilities  for  com- 
munication and  transportation,  and  can  also  be  bettered  if  machine 
shops  and  supply  depots  are  established,  as  they  will  be  if  the 
presence  of  productive  oil  territory  is  shown. 

Inexperience  with  local  conditions, — The  difficulties  caused  by  the 
lack  of  experience  of  the  drillers  with  the  rocks  of  the  local  section 
have  already  been  alluded  to.  They  may  be  sunmiarized  as  includ- 
ing failure  to  drill  slowly  or  to  dress  the  tools  so  as  to  avoid  deflect- 
ing the  drill  on  hard,  steeply  inclined  surfaces;  failure  to  note  the 
crookedness  of  the  hole  and  remedy  it  promptly ;  ignorance  of  local 
caving  strata  and  consequent  failure  to  case  in  time  to  prevent  cav- 
ings;  and  failure  to  secure  proper  and  adequate  outfit  and  supplies. 

Cost  of  labor  and  transportatioji, — The  cost  of  drilling  has  been 
very  largely  increased,  over  what  it  would  be  in  more  favored  and 
better  established  oil  fields,  by  the  high  cost  of  labor  and  of  trans- 
portation of  men  and  of  frei«i:ht.  Xot  only  are  the  drillers  paid 
higher  wages  tlian  they  would  receive  at  most  localities,  but  the  un- 
skilled labor  receives  excessive  pay.  It  is  highly  probable  that,  when 
conditions  become  more  settled  and  work  is  done  on  a  larger  and 
more  permanent  scale,  wage  conditions  will  become  more  normal  and 
transportation  charges  will  be  reduced. 

8Hn>MENT  Ain)  KARKET8. 

If  petroleum  is  produced  in  commercial  quantities  a  new  set  of 
problems  concerning  its  disi)osal  will  arise.  All  the  petroleum  of  the 
region,  so  far  as  known,  is  a  refining  oil  of  high  grade,  for  which 
there  is  a  good  demand  on  the  Pacific  coast.  The  content  of  extremely 
volatile  constituents,  such  as  gasoline,  is  so  great  that  it  is  (piestionahle 
whether  the  oil  can  be  safely  shipped  in  bulk  without  some  refining- 
There  are  plenty  of  good  sites  for  refineries  in  the  immediate  vicin- 
ity of  the  wells.  If  a  hari)or  in  the  vicinity  of  Katalla  or  elst^when? 
in  the  Controller  Bay  region,  is  utilized,  it  will  l)e  a  very  simple 
matter  to  transport  the  oil  from  the  wells  to  the  wharves  by  short 
pipe  lines  on  a  practically  level  grade.  If  no  harbor  in  the  imme- 
diate vicinity  can  be  used  it  will  be  necessary  to  ship  from  Orca  Bay 
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or  elsewhere  on  Priruv  W'illiain  ,S<>iuul,  u  tlislaiice  of  al:>out  80  miles 
westward  and  acwss  Copper  Eiver.  The  grades  to  Orca  are  ahnost 
'  nothiii^  and  thei'e  will  be  no  difficnUies  except  cnjssing  Copper  Riven 
The  dis^tance^  from  KaliiUa  ami  from  Orca  to  Seattle  hy  the  steamer 
route,  "  outside  way,''  are  about  1,:^50  and  1,350  statute  miles,  resjieo 
tively< 

Oo?JCiit:siONS, 

(reographic  conditions  are  sucU  a^to  cause  heavy  initial  expense  of 
pi-osjx'ctiiig  and  drilling,  but  admit  of  permanent  improvenientB 
which  will  make  tiwi^  condition??  much  better  without  gi'cat  engi- 
neering'diflicuUies  or  excessive  cost. 

The  geologj'  is  complex  and  tlifficidt  to  interpret  and  does  not  show 
definitely  the  mlation  of  the  occurrence  of  the  pt^troleuni  to  tlie 
stnitigrapliy  and  structure.  The  known  facts  of  the  bical  geobigy 
are  unfavorable  to  the  presence  of  productive  Uxlies  of  oih  and  indi- 
cate that  if  oil  is  found  in  (jiiantity  the  distribution  of  the  produc- 
tive aren5  will  be  very  irregular  and  difficult  to  lot^'ate*  However, 
if  future  developnjents  lonfirni  the  theory  of  an  uverthnist  along  tlie 
r  coast  (pp*  45-4C,  U5-UG),  separating  the  complexly  folded  rock^*  at 
the  surface  from  rocks  of  simpler  structure  below,  conditions  may  be 
found  t.«j  Ije  much  niore  n^gular  and  more  favorable  for  the  develop- 
ment of  a  good  oil  field  than  the  ijiirface  conditions  indicate.  Tim 
the€)iy  is,  however,  not  proven,  and  is  suggested  merely  as  a  possibility. 

The  surface  oil  showings  (seepages),  though  wide-spread  and 
copious,  are  not  conclusive  evidence  of  the  occurrence  of  productive 
oil  pa<ds.  They  are  appai-ently  more  promising  than  any  of  the  other 
known  geologic  features  of  the  region.  The  only  safe  conclusion  to 
be  drawn  fnmi  them  is  that  they  indicate  the  possibility  of  productive 
oil  areas  in  tlie  vicinity. 

<)2K*nitors  and  investors  wlio  may  not  be  familiar  with  local  condi- 
tions will  do  well  to  be  governed  by  the  following  suggestions : 

1.  They  should  be  certain  that  legal  title  can  be  obtained  to  a  suffi- 
cient area  to  make  it  possible  to  sink  many  test  wells  under  widely 
differing  conditions,  and  to  permit  a  large  enough  probable  produc- 
tion to  pay  for  heavy  initial  expenditures  and  large  permanent 
improvements. 

2,  They  should  have  enough  capital  to  be  able  (a)  to  purchase  in 
quantity  and  at  low  rates;  (b)  to  build  good  roads  and  other  im- 
provements and  thus  reduce  cost  of  operating;  {c)  to  carry  a  large 
stock  of  tools  and  supplies,  in  order  to  avoid  costly  delays  in  drilling 
and  to  be  able  to  drill  deep;  {d)  to  secure  the  best  professional  advice 
and  good  drillers;  {e)  to  drill  many  test  wells  without  hope  of  imme- 
diate profit;  (/)  to  market  the  product  in  the  face  of  the  existing  con- 
ditions in  the  petroleum  industry;  and  (ff)  to  afford  to  lose  the 
investment. 
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3.  The  first  wells  should  be  located  on  the  strike  and  at  no  great 
distance  from  producing  wells,  or  down  the  dip  from  a  good  seepage 
and  at  such  varying  distances  that  the  rocks  outcropping  at  the  seep- 
age will  be  encountered  at  depths  of  from  a  few  hundred  feet  to  the 
limit  (in  depth)   of  drilling. 

4.  Subsequent  wells  should  be  determined  in  position  by  the  loca- 
tion of  existing  wells  and  by  the  structure.  With  respect  to  produc- 
tive wells,  they  should  be  along  the  strike  and  close  to«  the  wells; 
while  with  respect  to  nonproductive  wells  they  should  be  either  not 
along  the  strike  and  at  a  short  distance,  or  along  the  strike  and  at  a 
considerable  distance,  from  the  wells. 

5.  Drillers  and  tool  3ressers  should  be  obtained  from  r^ions 
where  there  is  difficulty  in  keeping  the  holes  straight. 

6.  If  oil  is  obtained,  it  will  probably  be  down  the  dip,  rather  than 
up  the  dip  from  a  seepage ;  in  shallow  wells  near  a  seepage,  in  deeper 
wells  farther  from  a  seepage. 
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INTRODl'CTION. 

By  JosEFH  A,  HoLiciE^. 

The  test*?  of  washing  and  coking  coals  and  of  the  hehavior  of  the 
^suiting  coke  in  cupola  practice,  as  reported  herein,  were  made 
jring  the  fiscal  years  1905  and  1906  at  tlie  vSt.  Ixiiiis  fiiel-te^ting 
borat/Oiy  of  the  Uniticd  States  Geological  Survey.  These  tests 
ere  carried  on  in  connection  with  similar  investigations  of  the 
naming  and  gas-producing  qualities  of  the  same  coals  and  of  the 
Dssibility  of  improving  such  coals  by  briquetting.  This  work  was  a 
Etrt  of  the  general  inquiry  concerning  the  most  economical  manner 
'.  utilizing  each  type  of  coal  tested. 

Many  coals  as  received  from  the  mine  were  found  to  be  too  high  in 
5h,  in  sulphur,  or  in  phosphorus  to  make  satisfactory  metallurgical 
)ke  without  prior  treatment,  and  some  coals  possessed  better  coking 
ualities  than  others.  It  was  found  that  the  washing  of  some  coals 
)  reduced  the  percentage  of  ash  and  sulphur  as  to  make  available 
>r  the  production  of  coke  a  coal  which  other\vase  would  have  had  no 
alue  for  this  puq>ose.  In  the  following  pages  are  reported  the 
?tails  of  the  w^ashing  of  coal,  the  production  of  coke  therefrom,  and 
le  behavior  of  the  coke  in  the  cupola  when  utilized  for  the 
roduction  of  castings,  the  results  of  each  test  being  tabulated  in 
ill.  A  study  of  these  tal)les  indicates  many  important  facts  as  to 
le  behavior  and  treatment  of  the  coals  mined  in  the  various  ])ortions 
■  the  United  States  wlien  prepared  as  metallurgical  coke. 

The  washing  tests  of  1005  were  not  as  satisfactory  as  the  later  tests 
?cause  of  inadequate  storage  faciHties  and  the  lack  of  certain  ef^ui\i- 
ent,  but  the  latter  was  added  in  time  for  the  lea\»  ol  \^^^.     Kxv 


6  WASHIHO,  COKING,  AKD  CUPOLA  TESTS. 

imporUnt  result  of  the  washing  tests  is  shown  in  the  pementagB  of 
ash  and  sulphur  actually  remoTecL  The  reduction  of  these  iiqian- 
ties  by  washing,  of  coursei  increases  the  percentages  of  fiaoed  carbon 
and  volatile  matter  over  the  amounts  present  in  raw  coaL  ThoBe 
factsi  the  number  of  washings,  and  the  methods  of  washiiig,  aie 
recordedi  thus  furnishing  valuable  data  as  a  guide  to  the  tnat- 
ment  necessary  to  render  each  coal  tested  most  suitable  tat  oolmg. 
Altogether  there  were  101  regular  washing  tests  and  12  special  tests. 

The  results  of  these  tests  show  an  increase  in  moisture  of  10  to  30 
per  cent,  a  reduction  in  ash  in  the  1905  tests  of  15  to  50  per  cent  and 
in  the  1906  tests  of  20  to  60  per  cent,  and  a  reduction  in  sulphur  in 
the  1906  tests  of  10  to  40  per  cent  and  in  the  1906  testa  of  10  to  50 
per  cent.  A  few  examples  of  the  total  amount  of  reduction  may  be 
mentioned.  A  raw  coal  containing  5.05  per  cent  of  sulphur  con- 
tained after  washing  2.47  per  cent,  a  total  removal  of  55  per  cent. 
Proportionate  reductions  in  sulphur  were  made  in  coals  containing 
lesser  amounts.  The  ash  in  a  raw  coal  containing  42.56  per  cent 
was  reduced  by  washing  to  29.67  per  cent,  a  total  removal  of  65  per 
cent.  In  a  similar  manner  ash  in  a  raw  coal  containing  15.72  per 
cent  was  reduced  to  10.16  per  cent,  a  total  removal  of  41  per  cent; 
anil  in  a  coal  containing  9.81  per  cent  to  5.38  per  cent,  a  total  removal 
of  69  per  cent.  It  is  evident  that  coals  which  are  in  the  raw  state 
utterly  unfit  for  steaming  purposes  can  be  made  fairly  good  steaming 
coals  ])y  washing,  and  that  coals  unsuited  for  coking  can  be  made 
available  in  the  same  way. 

It  is  proposed  to  conduct  during  the  next  fiscal  year  washing  tests 
with  much  improved  apparatus  at  the  fuel-testing  plant  recently 
estal)lished  at  Denver,  Colo.,  where  experiments  in  washing  and  coking 
will  be  made  on  the  coals  mined  in  the  Rocky  Mountain  region,  with 
a  view  to  determining  what  can  be  done  to  make  them  available  for 
the  production  of  metallurgical  coke. 

The  coking  tests  were  made  in  ovens  of  the  regular  beehive  pattern, 
two  of  standard  size  7  feet  high,  and  one  of  standard  diameter  6  feet 
4  inches  high.  Samples  of  coke  were  taken  from  five  different  parts 
of  the  oven  in  practically  the  same  location  for  each  test,  so  as  to  give 
a  standard  method  of  comparison  for  each  coke.  The  present  report 
covers  102  tests,  made  on  100  coals,  the  samples  having  been  ool- 
le(»t«d  from  17  States  and  1  Territory.  One  hundred  of  these  tests 
were  made  on  raw  coal,  82  on  washed  coal,  and  10  under  miscellane- 
ous conditions.  In  some  of  these  t^sts  it  was  found  that  the  addition 
of  j)itch  produced  coke  from  coal  which  when  tested  raw  gave  either 
no  coke  or  coke  of  an  inferior  ciuality.  In  other  tests  the  addition  of 
pitch  did  not  improve  tlie  (luality  of  the  coke.  Tlie  tabulated  results 
of  the  coking  tests  should  l)e  studied  in  the  light  of  the  description  of 
the  resulting  coke  which  accompanies  the  tables.     The  physical  tests 


to  iloteriTiine  the  coin pressive  strength  of  the  coke — or,  in  other 
wordsj  the  height  of  the  furnace  burden  which  the  coke  i\4il  sup  i 
port^showe<l  only  the  worthleasneBS  of  such  detenninations.     Th« 
conipresijive  strength  of  a  given  rijke  made  with  the  same  coal  ranget. 
from  about  700  pounds  ultimate  strength  per  square  inch  to  over 
2,000  pounfls.     Ab  a  coke  with  compressive  strength  of  48  pounds 
will  sujiport  the  burden  of  any  modern  fumaee,  it  is  evtilent  that 
tills  teat  is  of  little  or  no  practit^al  value^  e.^pecially  as  the  burden 
home  Ijy  the  coke  may  be  greatly  modified  by  the  action  of  heat,  \v 
attrition,  and  by  otlier  faetors.     The  inquiries  seem  to  indicate  tha 
the  yield  of  coke  is  increased  aiKl  the  proportion  of  bree/>e  reducet 
by   preliminary   crushing.     Further   experiments   are   necessary    to 
verify  these  determinations,  as  well  as  to  indicate  the  limit  of  fine- 
ness nf  such  crushing.     Fine  crushing  appears  to  increase  the  strength 
of  the  coke,  which  is  apparently  inlluenced  also  by  the  amount  and 
distribution  uf  a*sh. 

More  complete  coking  t^sts  will  be  carried  on  with  a  view  to  pro- 
curing more  conclusive  data  along  the  linens  above  iniiicate<l,  al^i) 
with  a  view  in  iletennining  more  accurately  the  U>sb  of  sulphur  from 
coal  to  coke,  wltich  varies  with  the  coals  and  the  method  of  treat- 
ment* These  coking  tests  are  being  c^ontinuetl  at  the  new  i)lant  at 
Denver  on  beehive  ovens  with  two  heights  of  crown,  in  ortler  to  deter- 
mine the  treatment  necessary  to  produce  good  metallurgical  coke 
from  the  coals  mined  in  the  Rocky  Mountain  region. 

The  great  need  of  the  immediate  future  in  connection  with  coking 
experiments  is  the  conduct  of  such  tests  in  by-product  ovens,  and  it 
is  hoped  that  funds  may  soon  be  had  which  will  permit  the  erection 
and  operation  of  such  ovens. 

The  cupola  tests  of  coke  in  1905  and  1906  were  carried  on  along 
line^  fully  described  in  Professional  Paper  No.  48.  The  results  as 
set  forth  in  the  following  tables  give  the  details  of  170  cupola  tests. 
The  data  concerning  record  of  melt,  taken  in  connection  with  the 
indications  of  the  source  of  the  coals  and  the  analyses  of  the  corre- 
sponding coke,  furnish  interesting  facts  as  to  the  melting  ratio  of 
iron  to  coke,  the  rate  of  melting  per  hour,  and  the  amount  of  iron 
recovered.  Equally  interesting  is  the  table  giving  the  chemical 
effect  on  iron  from  cupola  tests  of  cokes  made  from  coals  mined  in 
various  States.  It  is  not  contemplated  that  these  cupola  tests  will 
be  continued  during  the  fiscal  year,  in  view  of  the  necessity  of  devot- 
ing the  available  funds  to  the  study  of  the  coking  qualities  of  western 


WASHING  TEST& 


By  G.  R.  Bblaxatbr. 


REPORT  FOR  1905. 
DCPBOTEMBKT  IK   EQXJIFMXHT. 

The  lack  of  adequate  storage  facilities  and  the  conatant  demand 
on  the  weighing  and  conveying  apparatus  for  deliyering  coal  to  the 
other  sections  of  the  fuel-testing  plant,  which  greatly  interfered  with 
the  washing  tests  made  during  1904,^  were  again  felt-  in  1905  and 
tended  somewhat  to  vitiate  the  results,  although  much  improvement 
was  made  in  the  equipment. 

In  order  to  eliminate  these  difficulties,  important  changes  were 
made  during  the  year  in  the  arrangement  of  tlie  washer  equipment. 
The  storage  capacity  available  during  1904  was  increased  from  175 
tons  to  350  tons.  Additional  ''shed  bins"  of  150  tons  aggregate 
caj)acity  were  provided  outside  the  washer  plant  for  storing  coal  at 
times  when  the  regular  washer  bins  were  filled. 

The  coal  was  shoveled  from  the  cars  direct  to  the  crusher  or  to  a 
hopper  scale.  By  means  of  a  combination  elevator  conveyor  the 
coal  could  be  transferred  from  the  hopj)er  scale  or  crusher  to  any  one  of 
the  twelve  regular  storage  bins,  or  from  one  bin  to  another;,  or  could 
be  transferred  to  belt  conve\^ors  for  delivering  the  coal  to  the  boiler 
section  and  other  divisions  of  the  plant.  The  elevator  conveyor 
referred  to  was  relieved  of  a  lar^e  portion  of  the  work  of  handling 
coals  for  the  gas-producer  and  boiler  sections  by  a  30-inch  Jeffrey  belt 
conveyor,  which  was  installed  to  run  from  the  car  siding  to  the  bins  of 
these  sections  for  the  purj)ose  of  delivering  coal  to  them  direct  from 
the  cars. 

All  washing  tests  made  during  1905  were  made  on  the  Stewart  jig 
iLsed  during  1904,  at  a  speed  of  35  revolutions  per  minute  and  6-inch 
stroke.  The  sludge-recovery  system,  with  the  customary  perforated- 
bucket  elevators,  was  used   in  reclaiming  the  washed  coal  and  refuse 

aCompare  the  following  V.  S.  Cieologiiul  Survey  publi(nition»:  Bull.  No.  261. 1905,  p.  00;  Prof.  Paper 
Mo.  48,  19(Ni.  p.  UtiU. 
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after  washing.  Chi^ing^  huwever,  to  the  fact  that  there  were  only  two 
sludge  tanks— one  for  the  washed  coal  and  one  for  the  refuse— only 
one  jig  could  be  operated  at  a  time,  since  if  two  or  more  jigs  were 
operated  their  output  would  become  mixed  in  the  sludge  tanks. 

With  the  existing  arrangement  of  the  washery  it  was  necessar>^  to 
use  the  same  water  over  and  over  again.  The  washed-coal  slu<lge 
tank,  supplied  with  water  from  the  city  mains^  wi\s  used  iis  a  reser- 
voir from  which  the  water  was  dcHvered,  principally  beneath  the 
screens  of  the  jigs.  A  t^tmsiderable  amount  of  fine  coal  was  thus  car- 
ried ovt^r  from  the  sludge  tank.  The  bulk  of  this  fine  coal  settied  to 
the  bottom  of  the  jig  body,  where  it  became  mixed  with  the  refuse 
and  was  carried  on  to  the  refuse  sluilge  tank, 

i\Jl  coals  tested  were  passed  through  ,an  18  by  24  inch  Cornish 
tooth- roll  crusherj  which  breaks  the  coal  down  to  a  maximum  ^iase 
of  about  2  inches,  although ^  of  course,  a  considerable  proportion  may 
be  nuicli  smaller,  depending  on  the  nature  of  the  coaL 

The  power  for  operating  the  plant  was  furnished  by  a  12  by  16  inch 
Frost  steam  engine,  belted  to  a  nuiin  shaft  from  which  the  jigs  and 
other  macliinery  of  the  plant  were  driven.  The  steam  for  this  engine 
was  received  fr«>m  the  boiler  section- 

PEltSOXKEL, 

The  1905  tests  were  made  under  the  direction  of  John  D.  Wick. 

REPORT  FROM  JANUARY  i,  1906,  TO  JUNE  30,  1907. 
EQUIPMENT  AND  OPERATION. 

On  February  22,  1906,  the  washery  plant  was  almost  entirely 
lestroyed  by  fire,  and  with  it  a  few  samples  of  coal  that  were  on  hand 
n  the  storage  bins.  The  plant  was  immediately  rebuilt,  the  former 
irrangement  being  followed  throughout. 

From  January  1  to  December  15,  1906,  one  Stewart  jig  was  used 
n  making  all  the  washing  tests.  During  December,  1906,  a  special  jig 
^as  installed.  This  jig  was  of  the  center-plunger  type,  i.  e.,  the 
>lunger  was  directly  beneath  the  screen,  and  the  upstroke  of  the 
>lunger  caused  the  pulsation.  The  plunger  had  no  valves,  but  valves 
vere  arranged  in  the  sides  of  the  jig  body  to  admit  the  supply  water 
>n  the  downstroke  of  the  plunger.  Cams  and  springs  were  used  in 
iucli  a  manner  that  the  plunger  had  a  slow  downward  and  a  quick 
ipward  stroke.  The  screen  of  this  jig  was  4  feet  wide  by  5  feet  long 
md  w^as  made  of  strips  of  No.  10  wire  running  lengthwise  of  the  screen 
rame  and  set  one-sixteenth  inch  apart.  The  length  of  the  stroke 
vas  adjustable  up  to  4  inches.  The  depth  of  the  coal  bed  was  also 
tdjustable. 
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Owing  to  the  fact  that  the  power  for  opemting  th^  washer  plant 
was  funiisfaed  by  a  12  by  16 inch  Froet  steam  engine,  t^eJted  to  a  nmu 
shaft  from  which  the  jigs  and  other  machinery'  were  driven,  ii  wa3 
impossible  to  change  the  speed  of  the  jigs.  Better  results  could  h^vt 
been  obtained  on  some  coals  tested  had  it  been  possible  to  change  thfl 
speed  to  suit  the  l^Dgth  of  stroke  used.  m 

Aa  the  only  crusher  available  for  this  work  wm  an  IS  by  24  inch 
Cknmish  tooth-roll  crusher,  it  was  impossible  to  ervish  some  coals  doim 
as  fine  as  they  should  have  been  crushed.     However,  an  adjust lilile^ 
mesh  bumping  screen  was  installed  m  January,  1907,  in  such  a  n^aofl 
ner  that  the  coal  was  first  passed  over  lids  screen,  and  the  tailing 
then  passed  on  to  the  crusher,  while  the  fuel  wldch  went  through  th 
screen  dropped  into  the  bin  over  the  jig.     The  profiuct  of  the  cnisl 
was  then  elevated  again  to  the  screen,  and  this  cycle  of  o]>erfttiori  w 
repeated  until  all  the  coal  passed  through  the  screen* 

In  December,  1906,  a  float  and  sink  testing  equipment  w  as  instiilleil. 
Before  each  washing  test  was  made,  samples  of  tlte  raw  t  oat,  <|imr 
tered  down  to  2  kilograms  each,  were  tested  on  four  diiferent  spedfie- 
gravity  solutions.  In  this  manner  it  was  possible  to  make  a  preliriii* 
nary  determination  of  the  result  of  a  separation  under  varying  per* 
centages  of  washed  coal  and  refuse.  The  coal  wits  then  washini  with 
the  jig  regulated  to  discharge  as  refuse  a  percentage  about  equal  to 
the  percentage  found  advisable  from  the  float  and  sink  tests,  AfU^T 
a  washing  test  was  made,  a  sample  of  the  refuse  was  taken  and  quar- 
tered down  to  four  samples  of  2  kilograms  eaeh ,  antl  these  were  al:*o 
tested  on  the  specific-gravity  solutions.  The  test  showing  the  high- 
est  percentage  of  float  coal  and  having  an  analysis  which  agreed 
fairly  with  that  of  the  washed  coal  wms  then  used  in  determining  the 
percentage  of  *Moss  of  good  coal  in  tlie  refuse."  In  this  manner  the 
efficiency  of  the  test  was  shown, 

PERSONNKT., 

John  D.  Wick,  assisted  by  Edward  Moore,  was  in  charge  of  th^ 
washing  tests  from  January  1  to  June  30,  1906;  J,  JI.  Gouhi  fn>m 
July  16  to  October  12,  1906;  and  G.  R,  Delanmter  from  November 
15,  1906,  to  June  30,  1907. 

EXPLANATION  OF  TABLES. 

^^ Percentage  of  reduction^^  and  ^^ amount  aduaUy  removed.^^ — The 
"percentage  of  reduction"  is  the  comparison  made  of  the  percentages 
of  the  impurities  in  the  raw  coal  and  in  the  washed  coal.  It  will  be 
readily  understood  that  if  the  ash  alone  is  reduced  by  washing,  the 
fixed  carbon  and  volatile  matter  will  form  a  higher  percentage  of  the 
vashed  coal  than  of  the  raw  coa\.    liv  actual  practice,  however,  it  is 
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impossible  to  make  so  perfect  a  separation  that  the  washing  pro(*ess 
will  not  remove  portions  of  some  constituents  other  than  the  impu- 
rities, and  therefore  the  percentage  of  each  constituent  in  the  washed 
coal  is  affected  by  the  reduction  of  each  of  the  other  constituents. 
This  is  clearly  indicated  in  test  192,  on  Alabama  No.  6,  and  te^t  198, 
on  Virginia  No.  6.  A  comparison  of  the  raw-coal  and  washed-coal 
analyses  in  these  two  tests  shows  that  in  the  test  on  Alabama  No.  6 
the  percentage  of  sulphur  was  the  same  in  the  washed  coal  as  in  the 
raw  coal;  and  in  the  test  on  Virginia  No.  6  the  sulphur  in  the  washed 
coal  was  higher  than  in  the  raw  coal.  It  will  therefore  be  seen  that  a 
simple  comparison  of  the  raw-coal  and  washed-coal  analyses  will  not 
always  show  whether  any  of  the  sulphur  in  the  raw  coal  was  actually 
removed  with  the  refuse  in  washing. 

Formulas. — In  order  that  these  percentages  might  be  determined, 
the  following  formulas  were  compiled  and  used  in  making  up  this 
report.  It  will  be  noted  by  referring  to  the  test  data  (p.  15)  that  10 
per  cent  of  the  original  sulphur  in  the  raw  coal  was  actually  removed 
with  the  refuse  in  washing  Alabama  No.  6,  and  that  13  per  cent  was 
actually  removed  in  washing  Virginia  No.  6 : 

Let  X  =  the  percentage  of  reduction  of  any  constituent. 

Y  =  the  percentage  of  any  constituent  removed  by  washing. 
M  =  the  percentage  that  the  amount  of  the  constituent  in  the 
washed  coal  is  of  the  raw  coal. 

a=  the  percentage  that  the  washed  coal  is  of  the  raw  coal. 

b  =  the  percentage  of  the  constituent  in  the  washed  coal. 

c  =  the  percentage  of  the  ccmstituent  in  the  raw  coal. 

T^hen  X  =  —  ,M  =  a6,  andY  =  — —. 

TESTS  MADE. 

Sixty-three  domestic  samples  of  fuel  from  fourteen  States  and  Ter- 
ritories and  two  samples  from  Argentina  were  washed  during  the 
period  covered  by  this  report.  The  detailed  results  of  the  tests  are 
given  in  the  following  tables. 
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Delmh  of  ivathiiig  teits  of  MluminouM  coah  in  ISfOS — Continued* 
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a.3& 

2.04 

25 

12 

Bfh 

25 

tiA6 

33uM 

41,  ea 

10.  .S5 

3.13 

7.47 

fl.37 

2.1& 

40 

31 

47 

30 

XSft 

as.flo 

46.  OS 

«.37 

2.M 

1L77 

6.03 

2.07 

2S 

27 

STf 

35 

ajo 

36.  S7 

43-10 

ILtlS 

3-3/i 

9.«> 

7.45 

2.i§ 

3S 

14 

40 

31 

2*6 

34.48 

57.  m 

ft.  05 

.§8 

4.01 

4.67 

,00 

24 

7» 

3 

3.24 

SLTS 

53.4fl 

12.  S2 

l.M 

4.31 

7.26 

1.47 

ffi 

24 

m 

36 

4.00 

30.  aa 

ffitsa 

R47 

2.08 

5.67 

3(X0» 

1.5S 

19 

25 

31 

37 

aoD 

17.30 

«a29 

11.33 

2.04 

4^ 

«.76 

1.24 

22 

30 

3(> 

51 

3.35 

3Swl3 

56.01 

a.ss 

.92 

o.ao 

3.  OS 

.m 

20 

4 

3M 

16 

3-01 

21k  oa 

sft.an 

10.11 

L07 

4.47 

7,70 

.31 

23 

24 

311 

3t 

i.67 

3L61 

54. 4£ 

«.37 

1.30 

5.41 

S.01 

.m 

20 

23 

30 

33 

a  40 

37.^ 

«1.13 

«.l^ 

1.45 

5.33 

S.50 

1,14 

32 

21 

43 

34 

X83 

32.30 

56.05 

&03 

1.3B 

6,70 

LtM 

1.07 

^ 

22 

50 

33 

a.  57 

3flL3S 

b&.m 

4.3fi 

1.32 

6.3S 

3,47 

1.00 

a« 

24 

34 

30 

]Jibl2 

34.36 

33.83 

16.70 

6.66 

10. 16  ' 

iL53 

ii« 

61 

38 

67 

47 

J 


Details  ofvmhing  tests,  January  1,  1906,  to  June  SO,  1907. 


Ftdd  No.  of 


2B„. 
3 


4. 

5c , 

0.. 

Arsetitltu: 

I'.'.ll'l 

IB..,. 
7B..,. 

8 , 

0 

Illinol«; 

at> 

31. 

fiB... 
23A... 


ieiuitl 
of  bed. 


Jagoer.. 

ITnderwoo*!  or 

Thorn  i>ftpn. 
Youngblocid . , . 
BIftck  Creek . , . 
PTAtt 


Di.t«i>rtest. 


Himtifigton , 
Hartshome . 

Huiitingtoii . 


No.  G.. 
....dp. 
....do. 
,,,-do. 
.,.,do. 


M4y 

Maj 

Jan. 

Nov. 
Dec. 

Dec, 
iiirt. 
Jan. 
Jfliii. 

J&n. 
Hay 

I  Feb. 
I  Feb. 
J  Jan. 


Ji^  u»d.^ 


2fklO(M     Bt«wmrt. 
23,1000   .....do. 


21,1000   do.. 

litJOOT  I 

12,1907  I  BfMwUl- 


13J0W 
24, 100(> 

30.1905  ' 
15,190^  ' 
29,ieO(i  • 

4,1906 

I 

18. 1906  I 
21, 1900 
14  1900 
13, 1000 
31>l9a6 


Stewart . 
,,,..do. .. 

do... 

,....do„. 

do... 

.....do,., 

do,.. 

do... 

do,.. 

do... 

.  ..do.,. 


Slxa  of  fueL 
(SMp,4.> 


r.  o.  in. 
r.  o.  m. 


TpO, 

r.o. 


,,  No.  4. 

,'  ■. 

I 

.,  9G, 

.  I. 

.  L 

,'  5'M, 


1 


Ihr.  2": 
thr.  2": 


thr,  2" 


If 

ll 


7.03 
9.00 


a50 


thr.  I",  13,00 


Ihr.  2". 
thr.  2". 


18.00 
fi,aD 


a.  |30.9 

Ihr.  2",,'ll.ao 
■,  3a65 


Amount 
w»«b«d 


^1 


dSJS 
8.25 


7.23 


10L76 

9,00 
3.30 

23.  TO 
19.00 
9.78 
28.07 


^1 


fltt 
91 


86 


00 

50 
60 

76 
7G 
86 
74 


iC,  31.  M   aa  SO  90 

Ihr.  2".    S.  SO  i  7.  .12  I  m 

■C.  I  9. 70  ,  N.  .'rfl  88 

nc,  20.00  'moo  ',  HO 

thr.  T',  14,00   12.00  '  m 


stalled  aocount  of  the  field  origin  of  each  sample  of  fuel  may  be  found  in  Bull.  U.  S.  Geol.  Survey 

B. 

ewart  jig— «peed  35  revolutions  per  minute,  with  6-inch   stroke;  Rpec\a\  \\% — «vefcA,l^  t^voVxx- 

per  minute,  with  2^inch  stroke. 

>t  enough  coal  for  other  than  special  Qo&t  and  sink  tests. 


WABHTNG,  COKING^   AND  <!lTPOLA  TEST9, 


DetaiU  of  washing  £«i*,  January  J,  39()$,  to  June  SO,  1907 — Continued. 


Field  No.  oS 


oflbed. 


^76 


iS 


a4B„.,,. 

35  A 

2C ,... 

2r __. 

28C. 

20  A 

2BA....... 

a? ...- 

30. -. 

S4A 

WD....... 

12 , 

2B :j 

fi ...... 

SB 

2fl... 

3B*.. 

Mtuiotiil; 

7A. .,..„. 

7A»« 

7B , 

K«wlttxt6or 


4A 

12 

PemiHylvAuia: 
12 

30., , 


Ko»e 

....do,-.. 

.-..do 

ffo.  «-.,._ 

....do 

NaT. 

do 

So.  & 
do 


i)al«Ol  tc^L 


— I. 


.,.„„,.! 


..,.do.,_.„, 
Smxll  Blfi^lE , 

(n 

Wftlr-Pfttsburg 
*.,*dQ 


Hchfi 


m 


M^n  Rat  alitor 

lpoiwrL«f4- 

....do.. 

...-do* „, 

....dfl. 

Xft.  » __ 


PitlsbuiF. 

B^orMUler.... 
tTpperF^wport, 
Loww  Kittfin- 


■Jiiua 
JuiM 
M«y 
M*y 
M«y 

Off. 
Oct. 
Jan. 
Feb, 
Feb. 
FL^b. 

Nov. 


39JIH» 

5,1907 

naoo7 

15,  IG07 

i2,it]0r 

30,1000 

u^iDoe 


3uly  1^,1000 

Jxiiy  If  lOoo 

J*n*  2l,JWJ7 

iiu3.  «,  itrai^ 


OcPl. 


m,  ]9oa 

l,l»05 


Fob.  10,1906 

Fflb.  •*i,tim 

Feb.  23JO0fl 
Feb,  1D,1P0& 

JiLDe    ft,  190R 


J  una  19,1  fine 
J  una  gjODfl 
Juna    2p  1D05 

JAtu  2fi,lOQ7 

S«Dt.  30,1006 
Feb.  4, 1907 
Feb.  Ijj  1907 
Jan,  29^1907 


i ...,w,   Minga ...  .   J!in(»  12,1906 

5..., iirushy  iloun.     June  1», IQOti 

71L., ..Wilder ...,   Muy     1,1906 


Miiv  J<M00rt 
Juma  14,1906 
gcpt.  11,1906 


177 


9B,9C,...,„   Sflwsiin« . . . . . . 

10 1  Battle  Cfoek* 

n„. .„.,-„.!         0) 

Vtrginln: 

6..,.„. So.  *,_„,. .,. 

West  Virgtnlfl: 

ZtA... „  (?) 

23B !  OdATOruTe.. 

ML!KmIl«j]eciii.H: 

10......... 


I 


I 


Feb.    U907 

I  Ocrl.   aSJflOB 
8€»pt.  dh,  JPOti 

I  Aug.   7a»oei 


Jig  used, 


a  Destroyed  by  fire  when  plant  was  burned. 


Btewart 
....do.. 


r 


WASHING   T:ESTS, 
IkiaiU  of  tvashing  tnU,  Janiiar^  /,  190(1,  ta  /mtws  30^  i&07— Conlinut?d. 


15 


II 


urn 


BvOO 

Z30  I 

7,fi« ; 

f*no  I 

L7J  I 
Q.V7 
».  U 
1. 1§  I 
LSO  I 
4  0Q  , 

^m  I 

8.50  ; 

zta 

UM  I 

La? 

/  1.00 

L33 

S.tf 

'  2.  10 

!  147 

1»,7D 

I  4  47 

ze& 

I  i90 
13.75 
i  I-OO 


OiflimJeja  iLtiiilyi$0&  of  fiiil  yjer  a-nt^ 


Raw. 


3.W 
A,4S 

no 

7  4» 
Km 


l.7fl 


L4  I  L^'  ''n 
12  '   It^Ul 

13.47 

U   44 

n  44 

11.35 

L4  I  I'^nn 
an  T.7S 
la,  10 

a  33 

7,i(l 
„      !a67 
33  I  Ifltf)] 
22  I     *V27  I 
H       3.T7  , 

31     a  01  I 
3a !    8. 01 
«      0.04 


li 


8.70 


1ft.  30 


li 


mH 

.•HL^  , 

fia.S7  I 

30.07  ; 

].^.  lli 

10.40  , 
14.71   , 

34.  ^Jj 
31. 2ft 
.U  U3  ' 
3.M  t*3  , 
34.fK3  , 
3i4l 
31>4I   1 

!W.42  ' 
3I>.4£ 

47.  *» 
50,77  1 
3.1.30  I 
3S.S7  , 
32,37  ' 
32.  flS  I 
4^1.33 
46.;23  I 


50.7ri 
«fi.31 

mnei 
30.30 
10.37 

Hi,  m 

m.  3J* 

70,31 

to,:<2 

41.40 

4f>.r>5 

37.  iS 
43.1}3 
43.1^2 
40.  (V) 

37,  «a 

r.2,3W 
40.12 

40.  rj  I 
:i'i.7n 
:i'..  70 
30.  M 

4X75 
2a  H5 
47.07 
51.  lii 
3I1.3W 
2&3S 
45.55 


3S.00 
33.  A4 


^.U 


47.  S4 

36.83 


avoi 


4 
< 

10.71 
12.!)3 
10,  w 
O.gl 

42.ria 

42.  50 
17.97 
1.V00 
14.01 
24-  81 
VA,m 
10,71 
13,01 
14  5:i 
ILS3 
Ifi.  S» 
10.  71 
10.71 
13.40 

Vim 

1X77 

laoo 

IfkfNJ 
1X1^ 
13.10 
11. »0 

IJ.I^ 
17.37 
14,21^ 
13.43 

20,  as 

:i0,38 
14  72 

13,62 


10,51 


3 


.m 

LOi 
t,  40 

,m 

.M2 

.i^ 

LOO 
2.24 
2.05 
I. TO 
3.Wi 
1.43 

4.3^"^ 

4.4] 

xm 

4.04 

4.04 
4.7fl 
3.52 

4.firt 

Ln 

4.i7 
4.11 

4  3S 
2.7ft 
X3(V 
3^ 
l.*0 
L7B 
1.70 
470 
470 
&01 


3.14 


3.Ji3 


Wttfthed. 


aw 


-9 

0,30 

moi 

3S.1 


J7.2»  ' 
22.73 


A,4'i 
5.03 
7.78 
m.  80 

1402 
Vi,  78 
13.  ftl 
lfl.S3 
l-S.  10 
14  36  , 
14  U  I 
15.00 

lrt.)| 

i.75 

15.80 

.15.  m 

)3>36 

ia€7 

aSH 

10.1^ 

14. 1« 

ItlM 

tifil 

»i97 

12.11  I 

0.53  ; 

12.03  I 

2&10  , 

0.09  I 

13.03 


4  76 
2«.ii7 
MS7 

7.10 
7.«5 
1430 

ia2r» 

8.00 
8.58 
0.00 
&7« 
175 
0.75 
8,38 


1.22 


.50 
.04 

L12 
1.89 
2,03 

a  21 
1.25 

3.ao 

3  70 
3.44 

3.22 
3.  la 
3.31 
3.*V 


0.40  !  i7fi 
7. 70  I  3.  20 


-12 
7.70 
7.70 
0.44 
7.89 
7.44 
Hv52  I 
7.8S 
7.  CO 
R.27 
Km 


I.  OS 
3.06 
3.06 
X30 
3.15 
2.10 
1.76 

l.*35 

1.50 
:k72 


10.  A7  I  3.  80 

10.  Ifi  I  2.  47 


7  22 
0.08 


2,01 
3.nfii 


17.30  I    0.4'i  ;  3,04 


30 
10 
S2 
A3 
44 
42 
^ 

34 
31 

24  I 

0  I 
22  I 
'M 
22,' 
43  ' 
20! 
53 
53 
2ft 
40 
S7 
21 
33 

m 

42 
31 

«d 
47 
39 
44 

10 


in 
1 
2 

17 

%1 
13 

an 

10 
30 
33 

'^ 

22 

20 

20 

27 

27 

2« 

28 

31 

»| 

IS 

29  I 

13  I 

13 

21 

19 

51 


14 


X3 

t 


10 


10 

eo 

21 
3(1 
17 
27 
25 
3S 

as 

*10 
31 
311 
62 
41 
47 
30 
31 
42 
44 
40 
40 
42 
37 
37 
24 
51 
32 
3S 
37 


46 


2.46 

3.50 
1.  SG 
l.,'rf) 

i.«0 
2.15 
5.12 
.OS 
49& 
1.50 
1.22 
5.00 
Ay  00 
2.48 
A,  55 
7.36 
I.M 

i^nn 

1.01 
1L» 


31 
12 

to 

12 
11 
24 

20 

25 

13 

22 

14 

13 

32 

12  I 

23  I 

22  ' 

10 

15  ■, 
« 
20 


la^ao 

436 
2  78 
3.38 
a.  72 
414 
1.96 
3,13 
4  35 

4.\xi ; 

481 

5.  M  ' 

7.RR 

3.12 

5.fl8l 

2,02 

3.  .53 

5.02 

4  59 

8.35 

4187 


^01 

32.21 
34  31 

^m 

31.85 
47,  IM 
30.55 
60  45 
5,1  90 

m.  r'»7 

32.  J^J 
33-  02 
28  3H 
32.01 
20.3a 


M.42 

47.-^1 
48,34 

48. 4^ 
50,80 
3EI.30 
-'18,24 
17.0) 
27.76 
1.x  SI) 
51.  L3 
51. 03 

4rt.4:i 

40.8.'j 
50.41 


20.  75  I 
61.  S2 
.■^2.23 
34  61  I 
31.61 


47.8.1 
33.07  ' 
33.,18 

54  5H  ; 
SUIO 


20,18 

1,^.02 

14  57 

13.54 

14  57 

0.38 

0.25 

O.Ht 

11.00 

10,54 

11. 15 

P,76 

17.41 

1412 

t8..'"H'V 

22.74 

27.  K7 

0.?J 

\tM\ 

7.  Mi 

10,  m 


3.12 

.H3 

.01 

.01 

.60 
3.06 
2.10 
3.77 
1,  51 
'im 
1,58 
:f  2.1 
3.43 
4  74  I 

.74  ! 

,05 

,00  , 
1.21 
!.0l 
1.22 


19.70 

e.01 

3.7i 
.^.97 
4<1S 
a  85 

4f:i3 
0.45 

5.18 
<148 

r'V.28 

rj,20 
7.04 
l.Tl 
402 
7JU 
.1,  60 
IV  ^ 

7.m 

424 


ti.oG    a,a(7 

12: 41  I    .  n 

0.  41  I     .115 
11.  S7,     ,01 

0.10  I  3s  no 

n,40  ;  1.30 

Tk  38  '  I.  53 

8.02  I  MIS 

*!  76  ,  1,30 

5.  W  I  1. 32 

5.  m  I  i  4fl 

10. 12  I  X  2(S 

0  OlH  2. 04 

O.flJ 
13. 75 
13.47 

438 

5.  76 

4.57 

0-38 


0 
37 
50  \ 
2.1  I 
.14 
16 
24 
34  I 
3N  I 


.&^ 

47 

,08 

40 

.0-2 

53 

1.30 

57 

.07 

4i 

4l 

.03 

34 

24 

%,m 

30 

n 

23 

25 

23 

7 

^1 
49 
62 
X^ 
ft^ 
28 
34 

5a 

4S 
14 
20 
33 
13 
19 
20 
41 


p 

W                          WASHmG,  COKING,   ANB 

1 

■ 

■ 

^m             Ddaih  ofnpccvd  lottthm^  tenU,  Jammt^  J  to 

ory '5 

.  /^/J7 

^ 

d 

llAtt 

Fknt  and 

Elnlctn 

flniirr 

niiihini 

E* 

13,^     Si  7*— 
»[2^  Uimugl 

QruvrlflA 

AnaJyaift  nf  float  fj(i*r«nli 

Field  No.*ifM»^l, 

Oftfflft. 

1  i;TiLvity    Flout 

Af         (per 

■oJiitUjriecnt), 

Sbik 

A«li. 

Siil|fcBiir. 

Nci. 

hnio 

ne- 

Rt- 

1 

(Inch). 

1    a*Bd. 

t*r- 

due- 

IKT- 

div^ 

^ 

inlxiC'd. 

lion. 

iiiliitid 

tko. 

Alalmioji: 

1 

I 

r» 

Kl 

19 

aij 

m 

dm  1    q 

199 

s.,.. ........ 

JmuIS.. 

L4» 

S7 

IS 
13 

M 

84 

,9i        JD 

r®i 

«7 

t% 

3.1» 

m 

I  13         t» 

l.» 

»T 

n 

aRi 

m 

.^  1      Si 

am 

ji 

1  llhiiursi 

1,42 

«S 

10 

3.51 

ID 

.571      i 

■   JUH                                      W,   •   +   -,,***    r   *   * 

L4a 

t»l 

» 

3.43 

SO 

.33        10 

J 

1.SA 

V4 

K 

irfi 

tt 

.3i         1 

AlfiDUlur 

L&S 

4ft 

SA 

^£A 

17 

,71       tl 

l«7 

t............ 

L«l 

m 

41 

ai.o« 

41 

.7«        U 

''■"'■'-' 

•i       J.fiS 

m 

41 

37.  HN 

»& 

.73        « 

I.  TO 

H 

m 

37,90 

34 

.70      d 

rtltotritt; 

t.>it 

^ 

27 

-JO 

46 

3.3»i     31 

tlKI 

:kj           

iJiin.  A,S 

1,41 

m 

m 

urn 

34 

3,a>,    » 

1    ho»ir«> 

1.47 

m 

12 

fim 

31 

3.33  1     a! 

I  fifl 

m 

m 

l».A9 

nr 

A43  1    a 

t39 

m 

K. 

ft.  (17 

49 

I  fln      31 

IM 

WA 

1  llbetum 

1.41 

m 

12 

(il3 

4P* 

l.Sl'     34 

l.4fi 

» 

10 

1   low 

4t 

%  l!i       H 

l.A] 

03 

14 

tio 

40 

1.13^       ^ 

(    ' 

1 

i.aa 

PC? 

IX 

j^.ffl 

J29 

1.71        J 

dli? 

;(l  H 

rfwJnia. 

3 

1 

U4) 

in 

le 

MA 

37 

>«*    £ 

\  3boiir8,1     3 

1 

l.4fi 

«3 

e 

t,isa 

»>: 

ym\   m 

(       4 

1 

l.fil 

m 

H 

L» 

14, 

2.17!    « 

ItAIUlM; 

i   1 

eik«^ 

1.36 

m 

34 

l,4» 

71 

Xffl       44 

101 

313, .. 

i 

BtiM^. 

L41 

74 

a& 

&.3I 

74 

St7»      2 
3,191     5 

]     * 

Stftck* 

L47 

T» 

32 

R.T3 

72 

4 

SLmik. 

l.fitt 

lU 

Ifl 

ft,  m 

70 

3.31  '     * 

ObUi^ 

] 

1 

LU 

n 

33 

ft.  13 

t& 

3.3a  1     tf 

IIS 

la,,  .  ..  ,^ 

1  J*n,  afi. 
1  ffcutur. 

1        L« 

m 

n 

ft.  4^ 

32 

S.fi3         » 

1.4*, 

fiS 

s 

tt.71 

23 

3.SS 

1 

1  , 

1    *    L«3 

M 

Q 

7  11 

23 

X,«l 

l%nn«ylvw«ii: 

1,36 

7a 

2S 

5.4(7 

44 

1, 30 

tf 

«!«» 

J.-^.. , 

J  Feb.  f  2 

1.41 

7« 

32 

Jk37 

m 

r4s 

PI 

1        tifi 

ffl 

a) 

5.«4 

43 

"^    i! 

1.53 

?»l 

19 

0.3& 

3a 

i.n      « 

LU 

^ 

-       14 

A^U 

«7 

LODi     M 

M 

IT 

J  Feb,    a. 

1.40 

90 

Ift 

&# 

fit 

>**       ?     1 
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COKING  TESTS. 


By  A.  W.  BsLDBN. 


EQUIPMENT. 


The  ovens  in  which  the  tests  of  the  coking  qualities  of  coals  have 
been  made  are  of  the  regular  beehive  pattern.  Of  the  battery  of  tiaet 
ovens  two  are  of  standard  size,  12  feet  in  diameter  and  7  feet  high, 
the  third  is  12  feet  in  diameter  and  6  feet  4  inches  high.  This  change 
was  made  by  raising  the  bottom  of  one  of  the  standard  ovens  8  incbei 
with  well-tamped  loam  and  bottom  tile  of  the  usual  size.  The  object 
of  the  change  was  to  bring  the  charge  nearer  the  dome  of  the  ovn 
and  effect  a  more  rapid  penetration  of  heat. 

For  the  first  nineteen  tests  the  small  oven  only  was  used.  In  the 
*  twentieth  charge  one  of  the  7-foot  ovens  was  blown  in,  and  two  ovens 
were  used  continuously  during  the  remainder  of  the  work — one  of  each 
size.  Owing  to  the  small  supply  of  coal  it  has  not  been  possible  to  use 
more  than  two  ovens,  and  they  may,  therefore,  be  considered  as  end 
ovens.  Some  suppose  that  end  ovens  yield  results  less  favorable 
than  those  from  ovens  located  between  other  heated  ovens,  but, 
even  if  this  supposition  is  correct,  the  difference  is  fully  balanced  by 
the  licreater  care  bestowed  on  these  experimental  ovens  as  compared 
with  ovens  operated  under  normal  conditions.  As  both  of  the  t>vens 
used  are,  in  the  sense  indicated,  end  ovens,  the  results  obtained  in  each  | 
are  comparable  one  with  the  other. 

In  charging  the  ovens  for  the  first  nineteen  tests  the  larry  used  held 
less  than  1  ton.  This  necessitated  the  filling  and  emptying  of  the 
larry  six  to  eight  times  before  the  charge  was  completed.  Each  por- 
tion thus  became  hot  and  began  invariably  to  gas,  and  often  to  blaze 
before  the  next  portion  of  the  charge  was  added.  This  unfortunate 
state  of  affairs  is  believed  to  be  responsible,  at  least  in  some  measure, 
for  cross  lamination  and  cross  breakage  of  the  coke,  layers  of  coal  as 
charged  showing  plainly  in  many  of  these  tests  in  each  oven  drawn. 
The  average  time  of  charging  with  this  device  was  about  one  hour. 
After  the  nineteenth  charge  a  standard-size  larry  was  installed  and  the 
time  of  charging  was  reduced  to  an  average  of  seven  minutes.  With 
this  change  the  lamination  and  cross  breakage  referred  to  disappeared, 
^iowing  that  the  whole  charge  should  be  put  in  at  once. 
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PERSONNEL, 

The  writer  took  charge  of  this  work  in  May,  1905,  succeeding  Fred 
^  Stamniler,  uf  Juhiit^town^  Pa,  He  was  assisted  by  W.  K.  Vickers, 
■  Pocahontas*,  Vu.,  ti>  whom  in  large  measure  is  due  whatever  sue- 
iss  haii  l^een  obttiincMl  during  tliese  hivestigfttions. 

PROCEDURE  OF  TESTS. 

All  coal  was  finely  crushed  tli rough  n  Williams  mill  unless  other- 
ise  tested  for  definite  coinjjarison  uf  results ^  and  these  exceptiims 
'e  noted  in  tlie  subjuinetl  detailed  report  (pp.  21-26).  The  Cijals 
>t  crushed  were,  when  unloaded  horn  the  cars,  put  through  rolls 
iving  an  aperture  of  1 }  inches.  The  coals  put  through  the  Williams 
ill  will  vary  somewliut,  depentling  on  the  nature  of  the  coal,  hut  will 
'actically  all  pass  through  a  10- mesh  sieve,  as  slxjwn  hy  the  f<>lhnvirig 
iport  hy  the  laboratory  on  an  average  sajn|>le:  Amount  remaining 
I  10-mesh,  15,08  t»er  cent;  on  20-me8h,  35,71  per  cent;  on  30-mesh, 
^*89  per  cent;  on  40- mesh,  8.53  f>er  cent;  on  60- mesh,  9,33  per  cent; 
I  lOU-niesh,  ^L13  [ler  cent:  througli  HXVnie>sh,  9,33  j)er  cent. 
Both  tlie  floor  and  the  trunncl  head  of  the  oven  were  always  closed 
rectly  aft*>r  the  oven  was  tlrawn  and  it  was  allowed  to  gather  heat, 
le  length  of  time  varying  as  necessity  demanded.  The  average  time 
as  one  and  otie-half  hours. 

The  sample  o(  am]  was  taken  at  regular  intervals  as  the  charge  was 
aptied  fnini  bin  to  larry,  by  means  of  a  small  shoved  hohfin^  about 
le-fourth  pound.  The  total  wciglit  of  the  sample  averaged  45 
>unds. 

The  sample  of  coke  was  taken  from  five  different  parts  of  the  oven, 
I  nearly  as  possible  from  the  same  location  for  each  test,  as  follows: 
feet  from  the  oven  door;  2  feet  from  each  si<le,  on  a  line  drawn  from 
LB  center  of  the  oven;  at  the  center;  and  2  feet  from  the  back  wall, 
I  a  line  with  the  j)oint  of  selection  of  the  pieces  taken  from  the  door 
id  the  center.  The  separate  pieces  of  coke  extended  the  whole 
iight  of  the  charge  and  were  as  nearly  uniform  in  size  as  possible. 
In  beginning  the  series  of  tests,  before  the  ovens  were  fully  seasoned, 
le  first  charges  sliovved  a  rather  large  percentage  of  breeze,  and  black 
itts  due  to  cold  bottom  were  produced.  It  was  unfortunate  that 
lese  first  tests  should  have  been  made  on  coals  that  were  supj)osedly 
>ncoking,  as  the  condition  of  the  oven  did  not  permit  it  to  give  as 
Fective  service  as  it  would  probably  have  given  under  other  and 
ore  favorable  conditions. 

EXTENT  OF  TESTS. 

In  the  scope  of  this  report,  covering  the  period  from  July  7,  1905, 

February  20,  1907,  are  included  results  from  192  tests  of  102  coals 

om  seventeen  States  and  one  Territory,  as  shown  in  the  accom- 
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panjing  table.  Of  theee  U^sU^  100  were  made  r>n  rnv^'  rojil,  $2  oa 
waited  coal,  1  on  raw  coul  with  the  addiUcm  of  pitch,  0  im  wti^heil 
coal  with  tiie  addition  of  piU-h,  1  im  wn^hod  coal  wttb  rhe  addition  nf 
asphalty  and  2  on  coals  of  widely  vnrvin^  composition.  Of  the  102 
differcoit  coals,  8,  viz,  ArkMiisti!^  No,  9,  Illinois  Xik  10,  Indiana  Nas.  ^ 
and  18,  Ohio  No.  3,  Maryland  No.  1,  and  Wyoming  Xos,  3  and  5, 
produced  no  coke.  Arkansns  No,  9  and  Maryland  No.  1  were  coW 
by  tiie  addition  of  pitch  to  washed  coal  Four  tusts  were  made  on 
Pennsylvania  No.  9  (pp.24,  32.41);  two  tcfits  witli  mw  roul  tc*ive  inily  ii 
few  pieces  of  coke;  a  third,  with  washed  amh  produeud  roke  of  inferior 
quality;  and  the  fourth,  with  the  addilion  t^f  r>  \>vr  tent  pilch  to  mw 
coal,  produced  coke  of  no  lK>tUT  quality  than  that  from  wiii*hed  rod 
Of  Indiana  No.  3,  Ohio  No.  3,  and  Wyoming  Nos.  3  unci  5^  there  was 
not  enough  for  further  tents. 


TABULATION  OF  RESULTS. 


The  results  of  the  coking  tests  will  Ix^  found  in  the  detailed  re] 
on  each  sample,  presenU^I  ))eU*w.  P\>r  erm\H^nienee  of  comparii 
data  are  given  as  to  the  yield  of  dry  t  oke  frtjm  dry  e<ml  ^s  well  as  cob 
as  received  from  coal  as  cliarj^ed.  Tlio  analyses  of  both  coal  and  cnke 
as  received  and  on  dry  btisis  are  alsn  j^iveo.  No  tHstimtion  is  ni*i(!r 
between  breeze  and  ash,  as  it  was  found  impossible  to  separate  them 
with  any  d^ree  of  accuracy t  antl  both  are  represented  in  this  report 
in  the  item  '^breeze.'*  Tins  l»rt^eze  includes  everything  tliat  wiH  pa.^ 
through  a  fork  with  tines  1  \  inches  apart,  after  thorough  shaking,  and 
its  percentage  is  much  higher  than  that  from  regular  operations,  bat 
is  comparable  in  all  tests.  It  was  n*jt  deemed  necessary  or  ad%'isabie 
to  size  the  coke,  and  under  this  caption  h  included  everything  over 
the  IJ-inch  tine  fork.  Except  in  a  few  special  cases  the  determinft- 
tion  of  phosphorus  was  mit  made  iiri  coke  having  over  2  per  ceiil  of 
sulphur,  and  when  more  than  one  test  was  made  on  a  coal  in  the  samfi 
condition  this  determination  was  also  omitted. 
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DBSCRIPnONS  OP.COKB  AND  RBMARKS. 

The  following  notes  are  given  to  supplement  the  infbnnstioii 
contained  in  the  preceding  table: 

"Cell  structure"  refers  to  the  general  appearance  as  to  size  and 
not  to  the  number  of  cells  as  given  by  percentage  of  cells  by  volume. 
In  many  tests  the  cell  structure  as  determined  from  general  appea^ 
ance  is  small  when  the  percentage  by  volume  indicates  quite  tlie 
reverse.     (See,  for  example,  test  29,  Pennsylvania  No.  8  coal,  p.  24.) 

Alabama  No,  t  ^.—Test  142:  Soft,  dense  coke;  dull  appenmnce;  cell  itructiireTeiy 

small;  breakage,  lumps  of  irr^gulsr  sise;  l-inch  black  butts. 
Alabama  No.  3. — ^Test  138:  Dark-gray  color,  some  deported  carbon;  cdll  structait 

good;  breakage  good;  long,  large  pieces;  good,  baid,  beavy  coke,  with  excep- 
tion of  1-inch  black  butts,  which  should  be  easily  removed;  ash  hig^;  mddai 

would  probably  reduce  adi  and  impiove  quality  of  coke. 
Test  139:  Lig^t-gray  color,  some  silvery  deposit  of  carbon;  good  ring;  cdl  stnK- 

ture  good;  breakage  good;  long,  large  pieces;  good,  strong,  hard,  heavy  coke; 

improved  very  materially  by  washing. 
Alabama  No.  ^.— Test  131:  Li^t-gray  and  silvery  color;  metallic  riBg;  cdl  stnictin 

good;  breakage  somewhat  cross  fractured,  but  pieces  of  good,  large,  umfom 

size;  good,  strong,  heavy  coke;  arfihigh;  probably  could  be  reduced  by  waibii|i 
Test  136:  U^t-gray  and  silvery  color;  metallic  ring;  cell  atructuze  rather  lupi 

breakage  somewhat  cross  fractured,  but  pieces  of  good,  uniform  mse;  gooi 

strong  coke;  ash  very  materially  reduced  by  wadiing. 
Alabama  No.  5.— Test  171:  li^t-gray  and  silvery  color;  metallic  ling;  ceU  strw 

good;  breakage  good;  uniform  size;  ash  and  sulf^ur  hi^,  both  would  probablf 

be  reduced  by  washing. 
Alabama  No.  6. — ^Test  172:  Light-gray  and  silvery  color;  metallic  ring;  cell  structuR 

good;  breakage  somewhat  cross  fractured ,  but  pieces  of  good,  uniform  nxe; 

good,  heavy  coke. 
Test  174:  Light-gray  and  8ilver>'  color;  metallic  ring;  cell  structure  good;  breakage 

somewhat  cross  fractured,  but  pieces  of  good,  uniform  size;  good,  heavy  ci>ke, 

somewhat  better  than  coke  fn)ni  raw  coal,  but  low  ash  and  sulphur  of  thi0  cod 

would  not  warrant  washing. 
Arkansas  No.  1  B. — Test  95:  Dull-gray  color;  soft,  dense,  punky  coke;  cell  stnictun 

very  small;  breakage  very  bad  and  irregular;  large  and  small  chunks. 
Test  96:  Dull-gray  color;  soft,  dense,  punky  coke,  with  no  apparent  cell  structuif; 

drawn  from  oven  in  large  and  small  chunks,  very  easily  crushed ;  lest  wa«  rui 
.  slowly  and  high  enough  heat  was  not  obtained,  which  accounts  for  the  hi^ 

percentage  of  breeze. 
Test  97:  Dull-gray  color;  soft,  dense  coke;  cell  structure  small;  better  than  ci>k« 

from  washed  coal. 
Test  100:  Dull-gray  color;  soft,  dense,  punky  coke;  possibly  little  better  thtf 

coke  from  this  coal,  with  addition  of  10  per  cent  of  pitch. 
Arkansas  No.  7  B. — Test  104:  Dull,  dark  color;  very  soft,  light-weight  coke;  no  appi^ 

ent  cell  structure;  drawn  from  oven  in  large  and  small  lumps;  bottom  6  inck*  ^ 

did  not  coke,  burning  to  ash,  all  volatile  being  expelled,  but  did  not  ^ 

together. 
Test  105:  Soft,  dense,  punky  coke;  drawn  from  oven  in  large  and  small  chunl:^ 

somewhat  better  and  heavier  than  coke  from  coal  containing  no  pitch. 
Arkansas  No.  9.— Test  98:  No  coke  produced;  charge  ashed  over  top  and  down  abol 

5  inches. 


t 


COKTNn   TEBTB.  8? 

Arhansas  Mi.  9. — Teat  &9;  No  coke  pnxlueed;  aahed  down  ahout  4  inchea. 
Tesl  101;  No  coke  product;  asbed  down  ttlx>ul  G  inchee. 
Test  102:  Sofi,  dense,  punky  coke;  drawn  from  oven  in  lai^ge  and  small  chunks. 
Teet  103:  Soft,  dense,  punky  coke;  drawn  from  oven  in  large  ami  imall  chunks; 
high  yield  of  breeze,  due  tti  lacgc  amovint  oi  coal  whoae  volatile  waa  expelled, 
not  sticking  together;  5  per  cent  of  pitch  not  mifhcient  (i>r  this  coal. 
Qeorgia  No,  i, — Teist  173:  Pcxir,  dense  coke;  large  piwes  of  irregular  size;  ash  high; 

piolmbly  reduced  aeh  an<l  inaterially  improvefl  by  washing. 
ItHnms  No.  7  iJ.— Test  1;  Goo<l,  hard  coke  with  medium  cell  fltruclure;  breakage 
atralght  and  long.     This  was  the  first  charge  after  firing  ovens,  and  rosultowere 
not  as  good  an  might  he  experiecl. 
Teat  4 1  Light-gray  and  silvery  color;  metallic  rinjj;  ctdl  structure  good;  breakage 
somewhat  marred  by  croes  fracture,  but  pieces  of  good  fliae;  good,  strong  coke^ 
mucli  improved  by  washing. 
lUinou  No.  II  D.—Teel  5:  Light-gray  and  silvery  color;  meudlic  ring;  cell  Btructur© 

good;  breakage,  good  long  piecee;  good,  strong  coke. 
IIHtwu  No,  is. — Test  2\  Dull -pray  color;  cell  Btructure  good;  breakage  marred  by 
CToei  fracture^  probably  due  to  successive  charging  of  ssinall  portiouij* 
Test  3:  Dull-gray  color;  cell  Ftructure  eraaU;  croai  breakage  more  pronounced  than 
from  waftliwl  cfiaL 
JliiTwiM  No.  J^.^T^t  7:  Accident  to  charging  larry  neceaaitatod  diecontiiiwing  tc«t. 
(■ohI  1  turned  to  keep  oven  hot. 
Te«t  10:  Dull' gray  color;  cell  structure  small. 
JtHrioiM  Nt.  rj  A. — Teste  11,  15,  and  id:  No  coke  protluced;  the  whole  charge  was 

burned  and  volatile  wiia  expelle*!,  Init  the  residue  would  not  bind  ttjgether. 
lilintdM  No,  iO. — Tetit  10(J:  Dull-gray  color;  cell  [Structure  fimall;  breakage^  bad;  sepa- 
rate and  distinct  vni^  fracture  all  over  oven^  coking  in  layers;  ijwh  and  nulpliur 
high. 
Teat  107:    DuU-gray  color;   eiome  little  deposit  of  carbon;    meUillic  ring;    cell 
structure  !ima)l,but  not  demic;  breakage  somewhat  marred  by  crosti  fracture ; 
pieces  of  goo<l  si^e ;  grinit  improvement  over  former  tf^t;  apih  and  t^iilphur  hi>rli* 
Tllinc/ia  No.  21. — Te?il  ]2ti:  No  coke  prtxluced* 

Tept  11^7:  Hurned  very  vigort>usly  for  12  liourw,  afterwards  falling  oft  rapidly  to  E*mall 
candles  all  over  surface  of  charge;  when  pulled,  after  45  houre,  pnxluct  wujs  mix* 
tun*  of  unburn^'4:l  eoal  and  slightly  coherent  marfs  of  coal  of  original  fisse  filujwing 
no  trace  uf  cell  Htro<  inre;  idl  vnlatile  apparently  expelb^l 
nHjum  No,  a  B,— Ttwt  117;  Dull-gray  color;  cell  structure  medium;  breakage  very 
irregular,  prol>ably  owing  to  high  amount  ")f  slate;  poor  coke;  heavy  clinker 
over  whole  surface;  ash  and  sulphur  higii. 
1  Teet  118:  light-gmy  color;  upper  12  inchi?e  fingered,  two  6-inch  sections  l>elow 

F  in  chunks;  upper  12  inchest  had  metallic  rin^  and  good  cell  structure;  the  r*'main* 

j^  ing  coke  poor.     This  oven  was  held  72  hours  on  account  of  accident.     Under 

W  more  favorable  coudi lions,  the  whole  charge  would  have  probably  been  better 

m,  coke.    Ash  and  sulphur  high. 

Mlinxm  No.  is  J.— Test  111:  Light-gray  color;  some  silvery  deposit  ol  carbon;  cell 
I  structure  a  little  lai^c;  breakage  large- fingererl  pieces;  metallic  ring;  ash  and 

L  sulphur  high. 

|l  JHitim*  No,  fJ  B.^Test  112:  Light-gray  color;  a  little  silvery  deposit  of  carbon;  metab 
r  He  ring;  cell  structure  a  little  large;  breakage,  long,  thin  pieces;  larger  ehargeti 

L  would  probably  make  better  coke;  a^h  and  sulphur  high. 

t  Test  IH:  Light-gray  color;  a  little  tiilvery  deposit  of  carlion;  metallic  ring;  cell 

1^^  Btnifture  good;  breakage,  long,  thiu  piece**  and  largi^  G-incli  chunks;  laittom 

^K         very  hot;  Kntom  (i  inches  probably  coked  upward;  ash  and  sulphur  high. 
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lUinms  No,  24  A. — Test  119:  No  coke  produced;  ashed  down  about  4  inches. 

Test  156:  No  coke  produced ;  all  volatile  driven  off ;  high  heat  of  by-product  ovem 

quickly  applied  might  produce  coke. 
Illinois  No,  24  5.— Test  145:  Dull-gray  color;  practically  no  cell  structure;  barely 

stuck  together;  .very  poor,  dense  coke,  with  high  sulphur. 
Tllhufii  No.  2.5  .4.— Test  120:  No  coke  produced. 

Test  140:  Dull-gray  color;  cell  structure  small;  soft,  dense  coke;  breakage  poor; 

two  distinct  layers  of  16  inches  and  8  inches,  the  lower  coming  out  in  chunks; 

high  ash  and  sulphur. 
Tllinois  No.  26. — Test  143:  Dull-gray  color,  soft,  dense  coke;  breakage  poor;  pracii- 

cally  no  cell  structure;  ash  and  sulphiur  high. 
Illinois  No.  27. — Test  144:  Poor,  soft,  dense  coke;  breakage  poor;  sulphur  high. 
Illinois  No.  28  C. — Test  166:  Dark-gray  color;  cell  structure  small;  breakage,  good, 

uniform  size. 
Illinois  No.  29  A. — Test  169:  Dark-gray  color;  drawn  from  oven  in  three  distinct 

layers;  breakage  poor;  large  chunks  and  small-fingered   pieces;  poor,  dense 

coke;  high  sulphur. 
Test  170:  Dull-gray  color;  some  silvery  coloration;  metallic  ring;  drawn  frwii 

oven  in  6-inch  chunks  of  practically  uniform  size;  cell  stnicture  good;  more 

rapid  burning  and  higher  heat  produced  gave  much  better  c»>ke  than  former 

charge;  sulphur  high. 
Illinois  No.  34  B. — Test  190:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure 

a  little  large;  br(»akage  goo<l;  uniform-sized  pieces;  yield  low  on  account  of 

burning,  but  could  be  easily  increased  on  l)etter  acquaintance;  good  coke; 

sulphur  high. 
Indiana  No.  3. — Test  14:  No  coke  produced;  ashed  down  about  10  inches  and  blaie 

lost. 
IruliaiM  No.  4- — Test  0:  Light-gray  color;  cell  stnicture  a  little  large;  breakage  some- 
what iiiarrtKl  l)y  ('n)8s  fnu'ture. 
Tt^st   9:  Light-gray   and   silvm*   color;  metallic   ring;  fine-fingered    i)iw^os;  (vll 

Ptnicturc  larg<':  asli  and  sulpluir  rtMliuMHl  by  washing. 
Indiana  No.  o. — Test   S:   Light-^ray  and  silv(»ry  ((jlor;  niotallic  rin*^;  vM  stniciur' 

largo;  ])r('akag(',  g<MKl,  long  jjicccs;  g«HMl  cokr. 
fndiaim  No.  6. — Test  V2:  Light-gray  and  silver}'  color;  cell  stnicture  gcKKl;  br«-akui:e 

good;  metallic  ring:  gtKnl  coke,  Inii  ash  and  sulphur  high. 
Indiajia  No.  7  A. — Test  LS:  Light-gray  and  silver}'  color;  metallic  ring;  cell  stnirnir'' 

larg<*;  )»reakage  somewhat  marred  by  cross  fracture,  somewhat  brittle:  iu<h  ar.'i 

sulphur  high. 
Indiana  No.  U  A. — Test  l(i:  Light-gray  and  silver}'  color;  cell  stnicture  small ;  bri-akoi:' 

somewhat  marnHl  by  cn)ss  fracture,  brittle;  ash  and  sulphur  high. 
Indiana  No.  9  B. — Test   17:  Light-gray  and  silver}' color;  cell  structures  mall;  Ir::- 

fingered,  heavy  coke;  high  ash  and  sulj)hur. 
Test  IS:  Light-gray  and  silvery  color;  metallic  ring;  breakage  somewhat  brinl* : 

cell  structure  g(M>d;  ash  and  sulphur  somewhat  reduced  by  washing,  but  .-till 

high. 
Indiana   No.   It  J). — Test  51:  Light-gray  color;  metallic  ring,  breakage,   long,  tin*- 

fingere<l  j»ieces;  cell  structure  mcHlium. 
Indiana  No.  12. — Test  108:  I^ight  gray,  with  a  little  silver}'  coloration;  metallic  t'vm 

cell  structure  a  little  large;  l)reakage,  good-sized  pieces;  ash  and  sulphur  hi^h. 
T(»st   109:   Light-gray  color;  some  silver}'  dejK>sit  of  carbon;  cell  stnicture  Ian?. 

breakage,  goo(l-size<l  pieces;  ash  and  sulphur  rtKluced  by  washing,  but  still  hiiiK 
T(*st  110:  Light-gray  coh)r;  some  silvery  deposit  of  carbon;  breakage  i)racticaliy 

the  same  as  in  tt^t  109;  somewhat  larger  size;  cell  structure  not  quite  S4>  laniv 

metallic  ring;  gcKxl  weight;  ash  and  sulphur  high. 
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No.  / 7.— Test  163:  Dwk-gmy  eolor\  hreakagr,  kfgit  pifK^rfl  of  Irrc^gtilar  mz«; 

cvM  fftnictuit'  Lai]ge;  aah  and  sulphur  high, 
wharui  No.  I^  ,4.^T«rt  158:  No  fokt^  j>nKluced;  o^iecl  down  uttout  3  inetic^,  and  bUze 

lost 
T^st  168:  No  coke  produced. 
jansat  No.  6\ — Test  1 13:  Liglit-^my  (*<>lor,  Borae  silvrr>^  colorwtion ;  cf41  atrUfturc^grtod; 

1>rfixkage  good;  long,  l&f^%  heav-y  pit^c^s;  Univy  clinker  owt  whok*  flurfatt'  of 

coke;  ash  and  sulphur  high;  wa*hiiig  would  prolmbly  reduce  asli  very  materially, 

and  produce  l>ettt^  grade  of  coke. 
Tes?t  115;  Light-gray  and  ail  very  color;  metallic  ring;  Ijrtmkage  gowl;  loivg^  largo, 

heavy  pief;(fla;  (*ell  structure  good;  i^trowg  heavy  coke;  washing  reduc«»  a»h  and 

BtJlphur,  but  both  (?till  high. 
Tenttidtif  A'b,  l  if.— Teet  76:  Light-gray  and  mlvery  color;  much  deposit'Od  curbon; 

metallic  ring;  c^ll  utructure  good;  a  fine-fiikgered  coke;  breakage  bad,  brittle. 
Tmludty  Nq.  1  C.^Tml  71:  Ligbt-gray  and  eiivery  color;  metallic  ring;  coll  wtructuri^ 

a  UlU<*  large;  breakage,  long,  ihin-fnigered  piccea;  good  coke,  but  ver>^  brittle. 
Teniittky  No,  i,— Test  75:  Light-gray  and  ailverj^  color;  much   deposited   carbon; 

metallic  ring;  cell  Blmcture  good;  breakage  ba*!,  very  brittle. 
terUii^kif  iVo,  6.— Test  86:  Liglit-gray  and  silvery  color;  metallic  ring;  cell  Hlnictiiie 

email;  breakage,  long,  fine-lingt*red  jdeees,  \'eTy  brittle. 
Test  90:  Light-gray  and  t^ilvery  e<)lof ;  inetallit^  ring;  cell  atructuro  small;  l>reakage 

bad,  brittle;  fia(?^fingere<l  eoke. 
^enlttehf  No.  7. — Twt  S5:  Light^giuy  and  silvery  color;  metallic  ring;  cell  fltnirtufe 

good;  breaknge  gootl;  long,  large  piect«;  coke  contairiw  a  Ian?*'  amount  of  hard 

clinker  on  top  and  througli  cracki?;  good  wiigbt  coke;  aah  and  sulphur  high. 
'ffUttchf  N(^.  8.—Ttifi   \M:  Dark -gniy  color,   wiili  t^imio  little  niUn^ry  depoait  of  car- 
bon; cell  structure  lar^e;  breakage  goijd;  rtigular*«iKwl  pit^res. 
Teat  l(i5:  Light-gray  color;  breakage  good;  large  pit*ees  tif  rt^dar  siKe;  cell  etnie- 

turf  a  little  large;  wtme  little  improvement  over  U^l  No.  164. 
^^nSnchf  zVo.  B  A. — Test  167:  Light-gray  color,  with  black  top  and  some  silvery  deposit 

of  carlKjn;  cell  Mmcture  good;  breakage,  long-fingered  piecen;  mdphur  high. 
iarylaiifl  No.  /*^Tc^t*  50^  54:  No  t*oke  produced, 

Ti^t  58  (with  10  jKT  f  I  lit  pitch);  D nil-gray  color;  cell  atructiu^i  gmall;  brt^kage, 

laige  and  small  chunks;  poor,  soft  coke, 
fitiouri  No^  5, — ^Tert  116:  Light-gray  and  silvery  color;  cell  structure  good;  breakage 

somefwhat  cross  fractured  but  pieces  of  good,  large  size;  good  weight  coke;  ash 

and  sulphur  high. 
Tew  Mexico  No.  S  B. — Test  148:  Light-gray  color,  some  silvery  deposit  of  carbon; 

metallic  ring;  cell  structure  medium;  breakage  good;  long,  large  pieces;  good, 

heavy  coke,  but  ash  high. 
Test  149:  Light-gray  color;  some  silvery  deposit  of  carbon;  metallic  ring;  cell 

structure  medium;  breakage  good;  long,  large  pieces;  good,  heavy  coke;  ash 

reduced  by  washing,  but  still  high. 
lew  Mexico  Nos.  S  B,  4  B,  arid  5. — Tost  152:  Light-gray  and  silvery  color;  metallic 

ring;  cell  structure  good ;  breakage  good ;  long,  large  pieces;  good,  strong,  hea\'y 

coke. 
Tew  Mexico  No,  4  B. — Test  150:  Light-gray  color;  silvery  deposit  of  carbon;  metallic 

ring;  cell  structure  good ;  breakage  somewhat  cross  fractured,  but  pieces  of  g(X)d, 

large,  uniform  size;  good,  hi^avy  coke;  high  ash. 
Test  151:  Light-gray  and  silvery  color;  large  deposit  of  carlxin;  metallic  ring; 

cell  structure  good;  brt»akageg(KKl;  long,  large  piect^s;  good,  strong,  heavy  coko; 

ash  reduced  by  washing. 
Jew  Mexico  No,  5, — Test  146:  Light-gray  color;  cell  structure  a  little  large;  bn»akag(» 
somewhat  marred  by  cniss  fracture;  gtxKi,  heavy  coke;  asli  high;  blazo  UM 

after  15  hours,  and  necessary  heat  not  attained. 
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New  Jfofa>  No.  5.— TM  147:  Ligbt-gmy  color,  iome  rilvery  deporit  of 

metallic  ring;  cell  ■tmcture  %  little  laige;  broalrigo  good;  loqg,  1m9»,  hnTy 
pieces;  aih  xeduced  by  WBihing,  but  etill  hi^. 

OiUbJVb.2.— Teit24:  Lig^t-gray  and  dlvery  color;  metallic  ring;  breakagegood;  fa^ 
*  fingered  piecee;  cell  atmcture  good;  good  weig^  coke;  hig^  aulpliiir. 

Ohio  No.  ;e.— Teat  27:  Dull-gray  color;  cell  atmcture  doae;  poor  coke,  aoft  and  eMly 
broken* 

OUo  No.  ^.— Teat  31:  Ghaige  burned  to  wAl 

Ohio  No.  ^.— Teat  28:  Lig^t^ray  and  aQvery  cokr;  metallic  ring;  bieaki^  good; 
long,  laige  piecea;  cell  atmcture  good;  very  heavy;  aulphur  higju 

Ohio  No.  5.— Teat  22:  Lij^t-gray  and  aUvery  color;,  metallic  ring;  cell  atmcture  good; 
long^fingered  coke,  brittle. 

Ohio  No.  e.—Teet  59:  Li^t-gray  and  ailvery  color;  metallic  ring;  cdl  atmcture  a 
little  laige;  breakage  good;  laige,  long,  heavy  piecea;  hig^  aulphur. 
Test  66:  Li^t-gray  and  ailvery  color;  metallic  ring;  cell  atmcture  laige;  break- 
age Bomewhat  croomae,  but  good-aiaed  piecee;  aah  and  aulphur  reduced  by 
waehing,  but  sulphur  stiU  hig^. 

Ohio  No.  7.— Test  89:  Lij^t-gray  and  ailvery  color;  metallic  ring;  cdl  atmcture  a 
little  laige;  breakage  good;  long  piecea;  laige-fingered  coke;  high  aulphur. 
Test  94:  Ligjit^my  and  ailvery  oolox;  metallic  ring;  cell  structure  a  little  laige; 
breakage  fine-fingered;  very  brittle;  aah  and  aulphur  reduced  by  washing,  bat 
sulphur  still  higih. 

OAto  No.  ^.— Test  81:  Ligjit-gray  color;  metallic  ring;  breakage  long,  thin  pieoer, 
cell  atmcture  rimall;  fingered  coke,  very  brittle;  aah  and  aulphur  high. 
Test  93:  Ligjit-gray  color,  with  black-fused  bottom,  not  a  butt;  metallic  ring;  ceO 
atmcture  small.  About  three-fourths  of  oven  coked  up  8  inches,  and  the  nppet 
16  inches  coked  down,  showing  clear  demarcation;  the  loww  8  inchea  in  dranks, 
the  upper  16  inches  fingered;  very  brittle;  aah  and  aulphur  reduced  by  wash- 
ing, but  sulphur  high. 

Ohio  No.  9  A, — Test  72:  Light-gray  and  silvery  color;  metallic  ring;  breakage  lonjf 
and  thin  piecc^s;  fine-fingered  coke,  very  brittle;  sulphur  high. 

Oku)  No.  9  B. — Test  55:  Dull-gray  color;  c€»ll  structure  small;  breakage  l>ad;  ver>- 
brittle;  ash  and  sulphur  high. 
T(«t  57:  Light-gray  color;  metallic  ring;  cell  structure  good;  breakage  bad;  fine- 
fingered  coke,  very  brittle;  sulphur  high;  aah  greatly  reduced  by  washing. 

Ohio  No.  It, — Test  180:  Light-gray  color;  some  silvery  deposit  of  carbon;  metallic 
ring;  cell  structure  large;  >)reakage  somewhat  cross  fractured ;  sulphur  high. 

Pennsylvanin  No.  5. — Test  25:  Light-gray  and  silvery  color;  much  deposited  carbon; 
metallic  ring;  cell  structure  a  little  large;  breakage  good;  long,  large  pieces: 
good,  heavy  coke. 
Test  26:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  good ;  breakage 
good;  long,  large  pieces;  good,  heavy  coke;  ash  and  phosphorus  reduced  by 
washing,  the  phosphorus  over  50  p(»r  cent. 

Pennsylvania  No.  6. — Test  32:  Light-gray  and  silvery  color;  much  deposited  carbon: 
metallic  ring;   cell  stnicture  good;    breakage  good;   long,  large  piecee;   \erf 
heavy  coke;  sulphur  and  ash  high. 
Test  34:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  good;  break- 
age somewhat  irregular,  but  not  so  good  as  from  raw  charge;  very  heavy  coke; 
ash  and  sulphur  reduced  by  washing. 
Test  35:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  good;  break- 
age good;   long,  lai^e  pieces;  very  heavy;  ash  and  sulphur  high. 
Test  38:  Light-gray  and  silvery  color;  metallic  ring;  cell  strocture  a  little  small; 
breakage  good;  ash  and  sulphur  reduced  by  washing. 
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^enntffhania  No.  6.— Test  41:  Light-gray  and  silvery  color;  much  deposited  carbon; 

metallic  ring;  cell  structure  small ;  breakage  good ;  long,  laige  pieces;  very  heavy ; 

ash  and  sulphur  high. 
^emuylvania  No.  7, — ^Test  30:  light-gray  color;  cell  structure  small;  breakage  long 

and  irr^^ular,  but  in  laige  pieces;  very  heavy;  ash  and  sulphur  high. 
Test  33:  Light-gray  color;  breakage,  large  and  small  lumps,  very  irregular;  cell 

structure  small;  coke  heavy;  sulphur  reduced  by  washing;  ae^  not  materially 

affected. 
*enn»ylvania  No,  8, — Test  29:  Dull-gray  color;  breakage  bad;  large  and  small  chunks; 

cell  structure  small;  soft,  dense  coke. 
Pennsylvania  No.  9. — Test  37:  Some  few  pieces  of  coke  obtained,  but  the  amount  was 

so  small. that  it  was  not  determined. 
Test  39:  Some  few  pieces  of  coke;  mostly  large  lumps  of  closely  adhering  ash. 
Test  42:  Dull-gray  color;  cell  structure  small;  poor,  dense  coke. 
Test  56  (with  5  per  cent  pitch):  Dull-gray  color;  cell  structure  medium;  breakage 

very  irr^^ular;   large  and  small  lumps;    poor,  soft  coke,  scarcely  any  better 

than  coke  from  washed  coal. 
Pennsylvania  No.  10. — Test  47:  Light-gray  and  silvery  color;  metallic  ring;  breakage 

poor,  somewhat  brittle;  cell  structure  large. 
Test  53:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  good ;  breakage 

bad;  increase  in  yield  of  coke  and  decrease  in  amount  of  breeze  probably  due 

to  fine  grinding. 
Pennsylvania  No.  11. — Test  159:    Light-gray  color;    metallic  ring;    cell  structure  a 

little  small;  breakage  good;  long,  large  pieces. 
Pennsylvania  No.  It. — Test  161:    Light-gray  and  silvery  color;    metallic  ring;    cell 

structure  a  little  small;   breakage  good;  large  pieces;  good,  heavy  coke;   sul-. 

phur  a  little  high. 
Test  162:  Light-gray  color;  some  deposit  of  carbon;  metallic  ring;  cell  structure 

a  little  small;   breakage  good;   uniform-sized  pieces;   ash  reduced  by  washing; 

good,  strong  coke. 
ennsylvania  No.  15. — Test  185:    Dull-gray  color;    soft,  dense  coke;    cell  structure 

small;    breakage  badly  cross  fractured,  and  picves  of  irregular  size;    sulphur 

high. 
Test  188:  Light-gray  color,  some  silvery  deposit  of  carbon;  cell  structure  medium ; 

breakage  somewhat  cross  fractured,  but  pieces  of  good,  unifonn  size;    much 

improvement  over  coke  from  finely  ground  charge;  sulphur  high. 
ennaylvania  No.  17. — Test  178:   Light-gray  and  silvery  color;   cell  structure  a  little 

small;  breakage  good;  long,  large  pieces;  good,  heavy  coke. 
Test  186:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  good;  break- 
age good;  large  pieces  of  uniform  size;  good,  strong,  heavy  coke;  ash  and  sul- 
phur reduced  by  washing. 
enntylvania  No.  19. — Test  176:  Light-gray  color;  some  silvery  deposit  of  carbon;  cell 

structure  small;  breakage  marred  by  cross  fracture,  probably  due  in  large  meas- 
ure to  uncrushed  slate;  good,  heavy  coke,  somewhat  brittle. 
Test  177:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  a  little  small; 

breakage  good;  large,  uniform  pieces;  crushing  improves  physical  appearances 

and  increases  total  yield. 
ennsylvama  No.  iO. — ^Test  179:  Gray  color,  some  silvery  deposit;  cell  structure 

small;  breakageirregular,  but  pieces  of  good  size;  soft,  dense  coke;  high  sulphur. 
Test  182:  Gray  color;  soft,  dense  coke;  no  evident  physical  improvement  over  raw 

charge;  ash  and  sulphur  reduced  by  washing. 
ennsylvania  No.  tl. — Test  183:  Light-gray  and  silvery  color;  metallic  ring;  cell 

structure  small  but  not  dense;  breakage  somewhat  marred  by  cross  fracture,  Init 

pieces  of  good,  uniform  size;  good,  heavy  coke. 
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Hennaylvania  No.  il.^Test  187:  Light-gray  and  silvery  color;  metallic  ring;  cell  Anic- 

ture  small,  not  dense;  breakage  good;  long,  large  pieces;  good,  heavy  coke. 

Test  189:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  small,  not 

dense;  breakage  somewhat  marred  by  cross  fracture,  but  pieces  of  good,  uniform 

size;   good,  heavy  coke. 

Test  191:  Light-gray  and  silvery  color;  cell  structure  small,  not  dense;  metalHc 

ring;  breakage  good;  uniform  size;  good,  heavy  coke. 
Test  192:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  a  little  small, 
not  dense;  breakage  good;  uniform  size;  good,  heavy  coke. 

Tennessee  No.  1. — Test  133:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure 
a  little  large;  breakage  good;  long,  large  pieces;  good,  strong,  hard,  heavy  coke: 
ash  a  little  high. 
Test  153:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  good;  break- 
age somewhat  marred  by  cross  fracture,  but  pieces  of  good,  uniform  size;  good, 
heavy  coke;  ash  and  sulphur  reduced  by  washing. 

Tennessee  No.  2. — Teat  127:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure 
medium;  breakage  poor;  very  brittle,  long-fingered  pieces. 

Tennessee  No.  3. — Test  128:  Light-gray  and  silvery  color;  metallic  ring;  cell  struc- 
ture good;  breakage  poor;  very  brittle,  long-fingered  pieces. 

Tennessee  No.  4. — Test  125:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure 
good;  breakage,  long-fingered  pieces;  }-inch  black  butt. 
Test  129:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  good;  break- 
age, long-fingere<l  pieces;  black  butt  removed. 

Tennessee  No.  5. — Test  154:  Light-gray  and  silvery  color:  metallic  ring;  cell  structure 
a  little  large;  breakage  good;  long,  large  pieces;  good,  heavy  coke;  sulphur 
high. 

Tennessee  No.  6\— Test  122:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure 
good;  breakage,  good:  long,  large  pieces;  good,  strong,  heavy  coke;  ash  high; 
probably  reduced  by  washing. 

Tennessee  No.  7  B. — Tost  121:  Poor  coke;  soft,  tough,  and  punky;  drawn  from  oven 
in  large  chunks:  ash  and  sulphur  high. 
T(*st  J 23:  Light-gray  and  silver}-  color;  metallic  ring;  cell  structure  a  little  laii^e: 
])r(*akage  good;  large,  uniform-sized  pii^ces;  strong  coke,  great  improvement 
over  raw  charge;  ash  and  sulphur  reduced  by  washing,  but  still  high. 

Tennessee  No.  8  ^.^Test  134:  Light-gray  and  silvery  color;  metallic  ring;  cell  struc- 
ture large;  l>reakage  somewhat  cross  fractured,  but  pieces  of  good,  large,  uni- 
form size;  sulphur  high. 

Tmiiessce  No.  9. — Test  124:  Light-gray  color;  some  silvery  deposit  of  carl)on:  metallic 
ring;  cell  structure  large;  breaks  in  irregular  pieces  of  good  size. 

Tenrussev  No.  10. — Tc^t  loO:  Poor  coke;  drawn  from  oven  in  large,  irregular  lumps; 
very  lough  and  dense;  with  black  butt  and  high  ash. 

Tennessee  No.  11. — Test  160:  Poor  coke;  breakage,  large  pieces  of  irregular  size;  cell 
structure  small;  dense  and  punky;  small  amount  not  coked  well  at  bottom; 
ash  high. 

Utah    No.   1. — Test  130:  Dull-gray  color;  practically  no  cell  structure;  soft,  dense 
coke;  yer}'  line-fingered  pieces,   very  brittle,  and  easily  broken  into  small 
pieces. 
Test  141:  With  R.  I.  No.  1.     No  coke  produced;  all  volatile  expelled  and  charge 

burned  entirely  to  ])Ottom. 
Test  157:  With  R.  I.  No.  1.     Ver\'  poor,  dense  coke;   half  the  product  did  not 
cement  together;  th(^  other  half  very  finely  fingered  coke,  very  brittle  andea.<ily 
broken,  similar  to  coke  from  Utah  No.  1. 


Hrfinid  Nc,  J.— Tert  64:  Ligbt^ftay  color;  metallic  ring;  cell  rtnirture  gootl:  break - 
Ag^  somewhat  marred  by  croae  fracture,  biit  piei^ciB  of  good  nz^;  hard,  heavy 

f-okt^  DQl  dfllftP. 

Teal  fi6:  Light-|n*ay  find  eilv<;*r>*  c*olor;  much  depoeilwi  carlxin;  cell  airuclure 
njt^liuni;  toetaHic  ring;  lirvakflgi^  i^mewliat  raftirtd  hy  ckj*®  frorttm%  but 
pifc'fM's  of  ifood  pize:  good,  hard  fwke. 

Test  *i7:  Light-^ray  and  silvi*r>^  <mlar:  much  depoeitcd  carbon;  cell  siruuturc 
medium:  m^'tallic  ring:  l^rt-akagt*  Kiraowhat  marred  Uy  croeit  fracture*  probably 

»due  U»  uocrmJied  slate;  lower  yield  of  coke  and  higher  amount  of  breeze  proba- 
bly due  to  fact  that  coal  wa^  not  cniflh*^. 
Test  68:  Light-gray  and  silvery^  eolw;  much  deposited  carl>oti:  metaUie  ring; 
<!ell  structure  mt*diimi;  breakage  somewhat  marred  by  vxrm^  fracture,  biJt  pieces 
of  good  sije;  largi«  amount  of  brt?e^e  awd  lowered  percentage  yield  prolmbly 
due  l^  fact  tliat  coal  was  not  crtisht^. 
Teet  77:  Light-gray  and  silvery  color;  much  depo«*it€*d  carl>on;  metallic  ring; 

•  cell  etructure  good;  breakage  eotnewhat  marred  by  cTCjee  Fracture,  hut  pieces 
of  good  si^e:  g^>od,  hard,  heavy  coke;  increaBed  jield  of  coke  and  decreased 
amount  of  breeze  pn^bably  clue  to  fine  grinding. 
trginia  No,  i,— Teet  63:  Light*gray  and  silver}^  color:  metallic  ring;  cell  structure 
a  little  large;  breakage  ^mewhat  marred  by  cross  fracture,  but  pieces  of  good 
size. 

ffTest  fld:  Light-gray  and  eilverj'  color;  much  deposited  rarbon;  mt-^tidlic  ring; 
cell  Btrueture  mtxUum;  breakage  good;  long,  large  piectsi,  somewhat  brittle; 
decreased  yield  of  c^oke  and  incTeaeed  amount  of  >)ree7.e  probably  due  tu  fact 
that  coal  wae  not  crushed. 
Teat  70:  Light-gray  and  silver^'  color;  mutallic  ring;  cell  fiinicturi^  large;  lireak- 
age  ^mewhat  marred  by  cross  fracture^  but  pit^'cs  of  go«)d  sixe;  go<.Kl.  baril 
cfike,  somewhat  brittle;  washing  does  not  seem  to  benefit  it  materially. 
irffima    Ab.   ,*.— Test   61:  Light -gray  and   silvery  color;  much  de|Mj*iitKi   carlH>n; 
metallic  ring:  cell  iitructun^  f^malL  breakage  good:  long,  large,  hi'avy  pic^^Bs; 
very  heavy  coke. 
Teet  88:  Light-gray  and  silvery  color;  much  deposited  carbon;  metallic  ring; 
ceU  structure  small;  breakage  good;  good,  heavy  coke;  decreased  yield  of  coke 
and  increased  amount  of  breeze  probably  due  to  fact  that  coal  was  not  crushed. 
hrginia  No,  4- — Test  62:  Light-gray ' and  silvery  color;  much  deposited  carbon; 
metallic  ring;  cell  structure  good;  breakage,  long,  thin  pieces;  light  weight; 
fingered  coke. 
Irginia  No.  6. — Test  181:  Light-gray  color;  cell  structure  small;  dense  coke;  break- 
age very  irregular;  pieces  of  various  sizes;  high  sulphur. 
Test  184:  Light-gray  and  silvery  color;  much  deposited  carbon;  cell  stnicture 
small,   but  not  dense;   breakage,  irregular  pieces  of  various  sizes;  washing 
reduces  ash  and  sulphur  and  improves  quality  of  coke. 
asTnngton  No.  2. — Test  135:  Light-gray  color;  some  deposit  of  carbon;  fair  ring; 
cell  structure  small;  breakage,  long-fingered  pieces,  very  brittle;  den8<-  coke; 
high  aah. 
'est  Virginia  No.  4  B. — Test  40:  Light-gray  and  silvery  color;  much  deposited  carl)on; 
metallic  ring;  cell  structure  good. 
Test  44:  Light-gray  and  silvery  color;  much  deposited  carbon;  metallic  ring;  cell 

structure  good ;  l)reakage  good ;  long,  large  pieces. 
Test  46:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  goo<l;  brt*akage 
somewhat  marred  by  cross  fracture,  but  pieces  of  good  size;  high  >aeld  of  coke 
and  decreased  amount  of  breeze  probably  due  to  fine  grinding. 
est  Virffinia  No.  75.— Test  21:  Light-gray  and  silvery  color;  metallic  ring;  cell  stnic- 
ture good ;  breakage  good ;  long,  large,  heavy  pieces. 
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West  Virginia  Nos.  IS  and  14. — ^Test  23:  Light-gray  and  silver}''  color;  metallic  ring; 

cell  structure  medium;  breakage  good ;  long,  large,  heavy  pieces. 
West  llrginia  No.  7-^.— Test  20:  Light-gray  and  silvery  color;  metallic  ring;  cell  struc- 
ture a  little  large;  breakage  good;  long,  large,  heavy  pieces;  good,  hard  coke. 
Wfst  M.rginia  No.  15. — Test  36:  Light-gray  and  silvery  color;  much  deposited  carbon; 
metallic  ring;  cell  structure  good;  breakage  good;  long,  large,  pieces;  good, 
heavy  coke;  high  sulphur. 

Test  43:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  a  little  small; 
breakage  good ;  long,  large  pieces;  hard,  heavy  coke;  sulphur  high. 
West  Virginia  No.  16  A.— Test  73:  Light-gray  and  silvery  color;  much  deposited  car- 
lx)n;  metallic  ring;  cell  structure  a  little  large;  breakage  somewhat  marred  by 
cross  fracture,  but  pieces  of  good  size;  good,  hard,  heavy  coke. 
West  Virginia  No.  16  B. — Test  45:  Cell  structure  good;  breakage  good;  long,  large 
pieces;  good,  heavy  coke. 

Test  48:  Light-gray  and  silvery  color;  much  deposited  carbon;  metallic  ring;  cell 
structure  a  little  large;  breakage  somewhat  marred  by  cross  fracture,  but  pieces 
of  good  size;  somewhat  brittle;  washing  does  not  appear  to  improve  coke,  on  the 
contrary  the  coke  from  the  raw  charge  is  decidedly  better. 

Test  49:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  large;  breakage 
somewhat  marred  >)y  cross  fracture;  coke  brittle;  washing  does  not  appear  to 
improve  physical  properties  of  coke;  sulphur  and  ash  somewhat  lowered. 
West  Virginia  No.  17. — Test  60:  Light-gray  and  silvery  color;  metallic  ring;  cell  struc- 
ture good ;  breakage  good. 
West  Virginia  No.  18. — Test  74:  Light-gray  and  silvery  color;  much  deposited  carbon: 
metallic  ring;  cell  structure  good;  breakage  somewhat  crosswise;  coke  brittle; 
gmxl,  hanl,  h(»avy  coke. 

Test  78:  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  good ;  breakage 
somewhat  crosswise;  coke  brittle;  good,  hard,  heavy  coke;  no  appreciable  differ- 
ence in  >acl(l  l)ctwccn  the  cnishwl  and  uncnished  charges. 
TTVx/  Virginia  No.  lU.-    Teat  79:  Dull-gray   color:   Homo  silviT;  coll   stnicturo  small 
rather  dciisi';  breakage  ^jkkI;  ]><M>r,  ligbt-wcit^ht  coke. 

Tost  Sii:  Dull-jzray  color;  sonic  silver;  cell  st nut ure  small;  l)reakage  j^ikhI.  Thi.-' 
oven  was  ]>urnw(l  witli  a  smaller  draft  and  coke  was  nnich  heavier  ami  iK'tter 
than  that  from  test  79. 
West  Vinjinid  Xo.  Jn.-  Te^t  80:  Litj^ht-jjrmy  and  silvery  color;  much  dejxjsitcHl  carlxni: 
metallic  ring;  c«'ll  structun-  small,  not  dense;  breakage  go<Mi;  long,  lanrf, 
j)ie<M'S,  somewhat  brittle;  giMxl,  hard,  heavy  coke. 

Test  84;  Light -gray  and  silvery  color;  metallic  ring;  cell  structure  g(MHl;  bn-akago 
marre<l  ))y  cross  fracture,  hut  j)ieces  of  gtMxl  size;  washing  (loos  not  materially 
benefit;  on  the  contrary,  the  coke  is  not  as  go<xl  as  that  from  raw  coal. 

Test  87:  Light-gray  and  silvery  color;  much  deposited  carlM)n;  metallic  ring;  <H'11 
structure  a  little  small;  breakage  very  irregular,  but  picn-es  of  g(xxl  size:  d*'- 
creased  ])ercentage  of  coke  and  increased  j)ercentage  of  breeze  probably  duo  to 
fact  that  coke  was  not  crushed. 

Test  92;  Light-gray  and  silvery  color;  metallic  ring;  cell  structure  small,  not 
dense;  l)reakage  s<»mewhat  marred  l)y  cross  fracture,  but  pieces  of  giKul  size: 
gJKul.  lieavy  coke. 
Wtst  Mn/inia  Xo.  Jl.  Test  82:  Light-gray  and  silv<'ry  ccdor;  much  deposited  carlion; 
UK'tallic  ring;  cell  structure  gocul;  breakage  g(K)d;  long,  large  pieces;  g«K)d.  hanl, 
heavy  coke. 

Test  91:  Light-gray  and  silvery  color;  much  deposited  carlnm;  metallic  ring;  cell 
stru(^ture  large;  lireakage  very  irregular  and  brittle;  wiushing  does  not  materially 
improve  coke,  on  the  contrary  the  coke  from  raw  charge  is  decidedly  better. 
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Weti  TiryMa  No.  jKS.— Test  175:  Lij^t-gny  oolor,  some  silvery  depoeit  of  carbon ;  cell 

■tmctuie  ft  litde  small;  breakage,  long,  large,  fingered  pieces,  very  brittle. 
Wyoming  No.  3. — ^Test  62:  Cfaaige  burned  to  adi  down  about  8  inches. 
Wfommg  No.  5.— Test  132:  No  coke  inoduced. 

CONCLUSIONS. 

It  is  unfortunate  that  the  necessary  routine  work  in  order  to  cover 
so  many  coals  permitted  so  few  tests  on  each,  and  that  the  supply 
of  coal  in  many  cases  permitted  only  one  test  to  be  made  on  that  par- 
ticular coal.  The  data  here  presented  show  the  results  obtained 
under  the  best  conditions  possible  to  one  not  conversant  with  the 
burning  of  these  coals,  based  on  observations  made  from  time  to 
time  as  coking  proceeded.  These  facts  should  be  distinctty  borne 
in  mind  when  analyzing  the  results  here  presented.  It  is  hoped 
that  in  future  work  it  may  be  possible  to  vary  conditions,  make 
changes  as  they  suggest  themselves,  and  compare  results  on  many 
different  tests  of  the  same  coal  and  thus  draw  conclusions  of  a  more 
definite  nature.  It  is  to  be  regretted  that  no  comparisons  can  be 
made  between  beehive  and  by-product  coke,  but  the  nature  of  the 
work  here  recorded  and  the  facilities  provided  confined  operations 
to  ovens  of  the  beehive  pattern  exclusively. 

No  data  are  given  in  the  detailed  statement  for  compressive  strength 
or  height  of  furnace  burden  supported,  as  the  results  obtained  show 
conclusively  the  worthlessness  of  these  determinations.  This  con- 
clusion was  reached  after  careful  attempts  to  obtain  results  on  1-inch 
cubes.  Four  cubes  were  selected  from  each  coke  made,  care  being 
taken  to  obtain  pieces  with  no  fracture  and  representing  as  nearly 
as  possible  the  average  of  the  coke.  The  cubes  were  cut  by  means 
of  an  emery  wheel  and  guide,  and  although  by  no  means  perfect 
they  were  as  nearly  so  as  possible  and  always  the  two  sides  used  in 
the  machine  were  parallel.  The  machine  used  for  breaking  was  a 
Tinius  Olsen  patent  machine  of  10,000  poimds  capacity  and  gave 
direct  readings  of  the  ultimate  strength. 

Only  a  few  of  thcvse  results,  taken  at  random,  arc  given,  and  these 
only  to  show  their  great  variation  and  the  worthlessness  of  this 
method  of  drawing  conclusions.  Illinois  No.  16,  test  10,  910  pounds, 
1,330  poimds,  2,190  pounds,  and  2,270  pounds;  Indiana  No.  4,  test  6, 
640  pounds,  790  pounds,  1,060  pounds,  and  1,245  pounds;  Kentucky 
No.  1,  test  76,  880  pounds,  1,065  pounds,  1,920  pounds,  and  2,570 
pounds;  Ohio  No.  9,  test  94,  535  pounds,  890  pounds,  1,170  pounds, 
and  1,600  pounds;  Virginia  No.  1,  test  68,  740  pounds,  1,120  pounds, 
1,280  poimds,  and  2,060  pounds;  West  Virginia  No.  16,  test  49, 
520  pounds,  1,500  pounds,  1,780  pounds,  and  2,100  pounds. 

The  difficulty  of  obtaining  a  cube,  or  any  number  of  cubes,  to  repre- 
sent anything  more  than  the  piece  of  coke  from  which  it  is  taken  is  so 
apparent  that  results  pretending  to  show  compressive  strength  of  any 
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amount  of  coke  are  wone  than  uaeleBa — ^in  fact,  mideading.  Eroi 
if  cok6  18  selected  the  whole  height  of  the  chaige  and  testa  an  made 
on  cubes  in  number  repreeenting  the  number  of  inchee  the  leaolto 
still  show  only  the  strength  of  the  one  piece  of  coke  from  maaofb  par- 
ticular part  of  the  oven  and  it  is  practically  impossible  to  procme 
even  approaimately  similar  results  from  other  pieces  taken  tnm 
different  places.  The  condition  of  burning,  the  quenching  either 
inside  or  out,  and  any  number  of  factors  which  it  is  not  possible  to 
know,  much  less  control,  make  different  portions  of  the  same  oven 
vary  greatly. 

A  simple  calculation  will  show  that  coke  with  a  compressive 
strength  of  48  pounds  will  support  the  burden  of  any  modran  furnace; 
consequently  this  test  gives  no  data  of  practical  value.  Mmeover, 
there  are  so  many  other  factors,  sudi  as  aption  of  heat  and  gases,  attri- 
tion of  coke  against  coke,  against  other  ingredients  of  charge,  and 
against  the  side  walls,  etc.,  that  any  calculation  to  show  the  burden- 
bearing  capacity  of  the  coke,  even  if  it  were  possible  to  select  cubes 
representing  the  whole  charge,  would  be  inaccurate  if  based  simply 
on  a  compression  test. 

An  endeavor  was  made  to  compare  the  different  cokes  by  approxi- 
mating the  amoimt  of  breakage  under  conditions  of  presentrday 
handling,  showing  the  percentage  of  coke  over  2-inch  sLee  that  may  be 
expected  to  reach  the  top  of  the  charge  in  the  blast  furnace.  Fifty 
pounds  of  each  coke  were  selected,  as  nearly  as  possible  representing 
the  average  size  of  the  coke  after  handling  at  the  ovens.  This  coke 
was  dropped  a  distance  of  6  feet  onto  a  rigid  (1-inch)  iron  plate.  All 
pieces  over  2  inches  in  size  were  weighed  and  again  dropped,  the 
operation  being  repeated  three  times.  The  results  of  these  drop  tests 
are  shown  in  the  detailed  statement. 

The  yield  of  coke  appears  to  be  increased  and  the  amoimt  of  breeze 
reduced  by  preliminary  crushing.  Whether  there  is  a  limit  to  the 
degree  of  fineness,  or  whether  a  point  may  be  reached  beyond  which 
finer  crushing  gives  no  appreciable  improvement  or  has  opposite 
effects,  can  not  be  determined  from  the  present  results;  but  the  data 
available  indicate  that  it  would  be  economical  to  crush  all  coal  before 
charging  into  the  ovens,  even  though  a  coke  of  good  quality  may  be 
obtained  without  this  preliminary  treatment.  Fine  crushing  also 
appears  to  increase  the  strength  of  the  coke  and  make  the  fracture 
less  irregular,  by  the  greater  uniformity  and  distribution  of  the  ash^ 
but  the  weight  per  cubic  foot  is  reduced.  The  strength  of  the  coke 
is  probably  influenced  by  the  amount,  composition,  and  distribution 
of  the  ash,  but  the  results  so  far  obtained  show  no  definite  relations 
between  these  factors  or  their  relative  importance. 

The  matter  of  investigating  the  action  of  CO,  on  red-hot  coke  aa 
determining  its  value  for  furnace  work  was  thoroughly  considered. 
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The  conclusion  was  reached  that  it  was  of  no  practical  importance,  as 
there  are  so  many  other  factors  in  the  blast  furnace.  In  view  of  the 
fact  that  the  gases  in  the  furnace  are  mixtures  of  CO,,  CO,  H,  O,  N, 
water  vapor,  and  probably  others,  it  appears  that  action  of  CO, 
is  of  little  value  unless  the  action  of  these  other  gases,  either  inde- 
pendently or  in  connection  with  CO,,  is  known.  An  investigation  of 
the  action  of  CO,  on  red-hot  coke,  as  a  means  of  making  comparison 
of  hardness,  is  being  made  and  gives  evidence  of  yielding  some  positive 
results,  but  work  along  this  line  has  not  progressed  far  enough  to 
draw  any  definite  conclusions. 

The  loss  of  sulphur  from  coal  to  coke  by  volatilization  varies  with 
the  different  coals,  depending  on  several  factors,  among  which,  in  the 
order  of  their  importance,  are  the  condition  in  which  sulphur  exists 
in  the  coal,  the  heat  of  the  oven,  the  rapidity  of  coking,  and  watering. 
The  sulphur  loss  ranged  from  20.79  per  cent  on  Arkansas  No.  1  (test 
95)  to  63.07  per  cent  on  Illinois  No.  29  (test  170),  the  average  for  all 
tests  being  43.27  per  cent. 
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EQUIPMENT. 

Owing  to  tk©  mmoTat  of  one  of  tiie  eupnlAe  whieh  served  fof'ifie 
foundry  tests  during  the  Louisiana  Purchase  Exposition  all  the  test* 
Bmde  since  then  have  been  conducted  in  the  36-tnch  foundrj^  ('^P^'M 
loaned  by  the  Whiting  Foundry  Equipment  Company,  of  Chicago. 
The  reijiaining  appamtus  was  rearranged  and  the  30-inch  shell  of  thf 
cupola  was  relined  to  26  inches  internal  diameter.  There  were  four 
horizontal  tuyeres  measuring^  4  by  6  inches  on  the  outside  and  3  by  13 
mchee  on  the  inside  of  the  cupola  which  were  situated  1 1  inches  ^hort 
the  sand  bottom.  The  total  tuyere  area  was  96  square  inches,  giving 
a  ratio  of  1  to  5.96  with  the  cupola  area.  A  No.  6  Sturtevant  fan  run 
St  2^514  revolutions  per  minute  fumisbed  the  bl&st,  wbich  was  kept 
at  about  7  ounces. 

By  proper  trainings  tlie  e^ew  was  able  to  run  off  two  heat>^  a  daf 
without  interruptirm.  The  nielt«d  iron  was  poured  int-o  molds  for 
sash  weights  J  thus  reducing  to  a  minimum  the  amount  of  scrap  made* 

PERSONNEL. 

The  cupola  test^  were  conducted  by  W.  G.  Ireland,  under  th* 
direction  of  A.  W.  Belden,  coke  expert  of  the  Geological  Survey,  &ihI 
by  the  advice  of  Richard  Moldenke,  foundr}^  expert  in  charge  of  thu 
cupola  t«sts  of  the  fuel -testing  plant, 

METHOD  OF  TESTING. 

The  method  of  testing  has  been  fully  described  in  the  report  of  Hii| 
fuel-testing  plant  for  1904,'*  Toward  the  end  of  the  tests  it  was  som^J 
times  necessarj*  to  vary  the  proportion  of  scrap  to  pig  iron  accordiaf  I 
to  the  supply,  but  the  total  amounts  were  kept  correct  as  planned  fflf| 
the  general  series  of  tests. 

After  completing  the  tests  on  the  available  cokes  in  the  regultf j 
way,  so  that  the  results  might  be  comparable  with  the  previous  woikj 

«Prcif*  Papeir  U^  9.  0«oU  Survai'  No.  48*  put  31, 1906t  pp^  13^7-1370. 
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of  the  division,  a  series  of  further  tests  was  made  on  some  of  these 
cokes.  In  these  tests  the  coke  bed  was  not  kept  at  a  constant  height 
above  the  tuyeres,  but  the  carbon  content  was  calculated  from  the 
analysis  of  the  particular  coke  and  an  amount  taken  to  make  up  175 
pounds  of  carbon  regardless  of  the  height  above  the  tuyeres.  The 
results  show  interesting  features.  Some  cokes  gave  melting  ratios 
and  melting  rates  per  hour  which  were  better  than  with  the  ordinary 
test  methods  and  others  gave  inferior  results.  The  tests  were  made 
to  show  the  advisability  on  the  part  of  the  manufacturer  a3  well  as 
of  the  foundryman  of  studying  the  conditions  of  cupola  practice  in 
order  to  determine  those  which  give  the  best  results. 

DETAILED  RESULTS. 

The  detailed  results  of  the  regular  tests  as  well  as  of  the  special  175- 
pound  carbon  bed  tests  will  be  found  in  the  following  tables.  Results 
of  a  typical  test  of  Connellsville  72-hour  coke  are  given  at  the  head  of 
the  first  table  as  a  standard  for  comparison.  All  the  tests  here 
reported  were  made  within  the  calendar  year  1906  except  test  190,  on 
coke  from  Pennsylvania  No.  21  coal,  the  date  of  which  was  F'ebniary 
13,  1907.  Many  of  the  coals  tested,  however,  were  received  during 
1905. 
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